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ALLOYS 



Perhaps the most satisfactory bronze 
rae Ult the alloy used in France .for more 
than a century. It contains 91.60 per 
cTnt of copper, 5.33 per cent of zinc 1.70 
ner cent ol tin, and 1.37 per cent of lead. 
Iom?what more sine is taken for articles 
to be gilded. 

Bismuth Bronze.— Copper, 52 parts; 
nickel, 30 parts; zinc, IS parts; lead, 5 
parts; bismuth, 1 part. metallic 
mirrors, lamp reflectors, etc. 

Gun Bronze.— See Phosphor Bronze 
under this title. 

Japanese Bronzes.— The formulas given 
below contain a large percentage of lead, 
which greatly improves the patina. 1 ne m- 
"ents and the ratio of their parts for ■ sev- 
1 sorts of modern Japanese bronze follow: 

I. — Copper, 81.62 per cent; tin, 4.61 
per cent; lead, 10.21 per cent. 

II. — Copper, 76.60 per cent; tin, 4.38 
per cent; lead, 11.88 per cent; zinc, 6.53 
per cent. 

III. — Copper, 88.55 per cent; tin, 2.49 
per cent; lead, 4.72 per cent; zinc, 3.20 
percent. 

Sometimes a little antimony is added 
just before casting, and such a composi- 
tion would be represented more nearly 
by this formula 1 . 

' IV. — Copper, 68.25 per cent; tin, 5.47 
per cent; zinc, 8.88 per cent; lead, 17.06 
per cent; antimony, 0.34 per cent. 

For imitation Japanese bronze, see 
Plating under Bronzing. 

Machine Bronze. — I. — Copper, 89 per 
cent; tin, 11 per cent. 

II. — Copper, 80 per cent; tin, 16 per 
cent. 

Phosphor Bronze. — Phosphor bronze 
is bronze containing varying amounts 
of phosphorus, from a few hundredths 
of 1 per cent to 1 or 2 per cent. Bronze 
containing simply copper and tin is very 
liable to be defective from the 



xx^^ presence 

of oxygen, sulphur, or occluded gases. 
Oxygen causes the metal to he snnn™ 
hut an 

porosity, " Oxygen gets into the 



vAygeii causes tiie metal to be spongy 
and weak. Sulphur and occluded gases 
cause porosity. Oxygen gets into the 
metal by absorption from the air. It can 
be eliminated by adding to the metal 
something which combines with the oxy- 
gen and then fluxes off. Such deoxidizers 
are zinc, antimony, aluminum, man- 
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u-iauujuuj, »iuminum, man- 
ganese, siheon, and phosphorus. Sul- 
phur and occluded gases can be elimi- 
nated by melting the metal, exposing it 
the air, and letting it thus absorb soi 
oxvceri. wli^u *u i .i . . 



oxygen, which then burns the sulphur 
mnJ^'K Th J e J . ox yg en can then be re- 
moved by adding one of the above 
mention^ deoxidizers. 
use " p * 



m-ww, aeoximzers. The important 
OI phosphorus m bronze is, there- 



fore, to remove oxygen and also i a(ImiM 
ly to destroy occluded gas and aiUphlJ* 



A bronze is sometimes made Jig 




form for use, and the process of ffi , 1 
facture is as follows: Ninety Do S" 
of copper are melted under charcoal- 
a No. 70 crucible, which holds aboit 



200 pounds of metal when full-" i, 
pounds of tin are added and the metal ' 
allowed to become hot. The crucible k 
then removed from the furnace and 7 
pounds of phosphorus are introduced 
in the following manner: A 3-gallon 
stone jar s> half full of dilute solution 
of blue vitriol, is weighed. Then the 
weights are increased 7 pounds, and 
phosphorus in sticks about 4 inches 
long is added till the scales balance 
again. The phosphorus is left in this 
solution half an hour or longer, the phos- 
phorus being given a coating of copper, 
so that it may be dried and exposed to 
the air without igniting. Have ready 
a pan about 30 inches square and 6 
inches deep, containing about 2 inches of 
"water. Over the water is a wire netting, 
which is laid loose on ledges or supports 
along the inner sides of the pan. On the 
netting is blotting paper, and on this the 
phosphorus is laid to dry when taken 
out of the blue-vitriol solution. The pan 
also has a lid which can be put down in 
case of ignition of the phosphorus. 

The phosphorus is now readj; for 
introduction into the metal. This 13 
done by means of a cup-shaped mstru* 
ment called a retort or phosphorizer. 
One man holds the retort on the run of 
the crucible in a horizontal position. A 
second man ta kes about three pieces 01 
phosphorus and throws them into we 
retort- The first man then immediately 
plunges the mouth of the retort beiov 
the surface of the metal before the pjoj 
phorus has a chance to fall or nW • 
Of course the phosphorus immediate!, 
melts and also begins to volatilize, 
the phosphorus comes in contact ^ 
the metal, it combines with it. n( j 3 
process is continued till all the ' " . ta i, 
--\ into the met"" 



of phosphorus has been put into t a " . , t 
The metal is then poured into slaw ^ 
3 inches by 4 inches by 1 mcfl +Tj c kness 
metal is so hard that a greater tm<. 
would make it difficult to brca* fcJ 
When finished, the metal contai"^ 
analysis, 6 per cent of phos phor us. ^ fl 
phosphorus is to be added to 
little of this hardener is employ -.^ it3 
Copper is a soft, ductile metal. ^ 
melting point at about 2,000 ** 
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t e n copper has the marked property of 
absorbing various gases. It is for this 
reason that it is so difficult to make sound 
castings of clear copper. Molten copper 
combines readily with the oxygen of the 
B Jr, forming oxide of copper^ which dis- 
solves in the copper and mixes homo- 
geneously with it. 

A casting- made from sticn metal would 
be very spongy. The bad effect of oxy- 
gen is intended to be overcome by adding 
zinc to the extent of 1 per cent or more. 
This result can be much more effectively 
attained by the use of aluminum, man- 
ganese, or phosphorus. The action of 
§iese substances is to combine with the 
oxygen, and as the product formed sepa- 
rates and goes to the surface, the metal 
is left in a sound condition. Aluminum 
and manganese deoxidize copper and 
bronze very effectively, and the oxide 
formed goes to the surface as a scum. 
When a casting is made from such metal, 
the oxide or scum, instead of freeing it- 
self from the casting perfectly, generally 
remains in the top part of the casting 
mixed with the metal, as a fractured 
surface will show. Phosphorus deox- 
idizes copper, and the oxide formed 
leaves the metal in the form of a gas, so 
that a casting made from such metal 
shows a clean fracture throughout, al- 
though the metal is not so dense as when 
aluminum or manganese is used. 

Copper also has the property of ab- 
sorbing or occluding carbon monoxide. 
But the carbonic oxide thus absorbed 
is in a different condition from the oxy- 
gen absorbed. When oxygen is ab- 
sorbed by copper, the oxygen combines 
chemically with the copper and loses its 
own identity as a gas. But when coal 
gas is absorbed by the copper, it keeps 
W Physical identity and simply ex- 
ists in the copper in a state of solution. 
g« natural waters, such as lake water, 
ft - e - r w ater, spring water, etc., contain 
«w . m solution or occlusion. When such 
IS? f f 0oled and fro7 ' en > just at the 
MM \ dian ^ ln g fr om the liquid to the 
ia state, the dissolved gas separates 
enL , ri ? S - air bubbles, which remain 
Slu 8 \ d - i m . the ice - The carbonic 
- ae whlcl1 is dissolved or occluded in 



Co 



PPer acts in exactly the same way. 
man™ gen ? cts in exactly the same 
WaT f canonic oxide. Sulphur also 
Sulph-- ~- i 0 - 1 Upo1 ^ ?°PP er an d bronze. 



tae£l r * COmbines wita copper and oth< 
When f0 , rmm e sulphide of copper, efr 
Wsi.lT c °PPer or bronze contaii 
absoTK P c °mes in contact with air 
CQmlTJ; Soln ? , ox ysen» and this in turn 
Chines with the sulphur present, 



lite copp e ^L a t rd nS?n 2 "J™^ 

soft, vet when mixedS i K ^ 
metal When Wse^X", * 
molten state, the copper and ' 
tin alloyed to crys?5Ky 
The quicker the cooling occurs Tb7 Tl.' 
separation will there &, and a fe th 
fracture will be more homogeneous in ap! 
pearance. a i' 

m Gun bronze contains copper and tii 
in the proportion of 9 or 10 parts of 
copper to 1 of tin. This is the metal 
used when an ordinary bronze castine 
is wanted. A harder bronze is copper 
and tin m the ratio of 6 to 1. This is 
often used as a bearing metal. Wher 
either of these metals is to be turned ii 
the machine shop, they should contaii 
about 3 per cent of lead, which will mah 
them work very much better, but it alsc 
decreases their tensile strength. Bear 
ing metal now generally contains abou, 
10 per cent of lead, with copper and tin 
in varying ratios. The large percentage 
of lead is put in that the metal may wear 
away slower. Lead, although a metal 
having properties similar to tin, acts en- 
tirely different toward copper. Copper 
and tin have a good deal of affinity foj 
each other, but copper and lead shoi 
no attraction at all for each other. Cop 
per and tin mix in all proportions^ but 
copper and lead mix only to a very limit 
ed extent. About 3 per cent of lead cai 
be mixed with copper. With bronzt 
about 15 i>er cent to 20 per cent of leac 
can be mixed. In bearing bronze th< 
lead keeps its own physical properties, 
so that the constituent lead melts long 
before the metal attains a red heat. It 
sometimes happens when a bearing runs 
warm that the lead actually sweats out 
and forms pimples on the metal. Or, 
sometimes, in remelting a bearing bronze 
casting the lead may be seen to drop 
out while the metal is warming up. All 
of these metals, however, should contain 
something to flux or deoxidize them, 
such as zinc, manganese, aluminum, 
silicon, antimony, or phosphorus. 

The phosphor bronze bearing metal m 
vogue has the following compositi on : Cop- 
lev. 79.7 per cent; tin, 10 per cent; lead. 



r.ef. 79.7 per cent; on, iw P"'-^'. 
?o5er cen?; and phosphorus 0 8 pel -cent. 

Melt 140 pounds of copper m aWo. 
7ft not covering with charcoal. When 
cop?er i S C all melted add m pounds of 
tin to 171 pounds of lead, and allow the 



meS lo^eoomrsufficiently warm, bu* 



nt anv hotter than is needed. Then 
dd iSVunds of "hardener" (made M 
ZiouSj described) and s*r well- R - 



r o C ve fr7m Turna™/.kim off the char 
coal cool the metal with gates to as low 
a temperature as is consistent with get- 
ting P good casting, stir weU again, and 
poifr. The molds for this kind of work 
are faced with plumbago. 

There are several firms that make 



are 



phosphor-bronze bearings with a com- 
position similar to the above one, and 
most of them, or perhaps all, make it by 
melting the metals and then charging 
with phosphorus to the extent of 0. i to 
1 per cent. But some metal from all 
brands contains occluded gas. bo tnat 
after such metal is cast (in about two 
minutes or so) the metal will ooze or 
sweat out through the gate, and such a 
casting will be found to be porous. But 
not one such experience with metal made 
as described above has yet been found. 

This practical point should be heeded, 
viz., that pig phosphor bronze should be 
brought to the specifications that the 
metal should have shrunk in the ingot 
mold in cooling, as shown by the con- 
cave surface of the upper side, and that 
it should make a casting in a sand mold 
without rising in the gate after being 
poured. 

Iu bearing metal, occluded gas is very 
objectionable, because the gas, in trying 
to free itself, shoves the very hard cop- 
per-tin compound (which has a low 
melting point and remains liquid after 
the copper has begun to set) into spots, 
and thus causes hard spots in the metal. 

Phosphorus is very dangerous to han- 
dle, and there is great risk from fire with 
it, so that many would not care to handle 
the phosphorus itself. But phosphor 
copper containing 5 per cent of phos- 
phorus, and phosphor tin containing 2 to 
7 per cent of phosphorus, and several 
other such alloys can be obtained in the 
market It may be suggested to those 
who wish to make phosphor bronze, but 
do not want to handle phosphorus itself, 
to make it by using the proper amounts 
of one of these high phosphorus alloys. 
In using phosphorus it is only necessary 
to use enough to thoroughly deoxidize 
the metal, say 0.3 per cent. More than 
tins will make the metal harder, but not 
any sounder. 

Phosphor bronze is not a special kind 
or alloy, but any bronze can be made 
into phosphor bronze; it is, in fact, sim- 
ply a deoxidized bronze, produced under 
treatment with phosphorus compounds. 

Although the effect of phosphorus in 
improving the quality of bronze has been 



known for more than fifty years it 1 
of late that the mode for p re pari n V Jr* 
phor bronze has been perfected I 
now manufactured in many local V is 
Besides its action in reducing the r,-j S ' 
dissolved in the alloy, the phosphor? 
exerts another very material influ^ 
upon the properties of the bronze 
ordinary bronzes consist of mixture 
which the copper is really the only en"* 
tallized constituent, since the tin cr 
tallizes with great difficulty. A.s a e^" 
sequence of this dissimilarity in the 
ture of the two metals, the alloy i s 
so solid as it would be if both were crys 
tallized. The phosphorus causes the 
tin to crystallize, and the result is a more 
homogeneous mixture of the two metals. 

If enough phosphorus is added, so 
that its presence can be delected in the 
finished bronze, the latter may be con- 
sidered an alloy of crystallized phosphor 
tin with copper, If the content of phos- 
phor is still more increased, a part of the 
copper combines with the phosphorus, 
and the bronze then contains, besides 
copper and tin, compounds of crystal- 
lized copper phosphide with phosphide 
of tin. The strength and tenacity of the 
bronze are not lessened by a larger 
amount of phosphorus, and its hardness 
is considerably increased. Most phos- 
phor bronzes are equal in this respect to 
the best steel, and some even surpass it 
in general properties. 

The phosphorus is added to the bronze 
in the form of copper phosphide or phos- 
phide of tin, the two being sometimes 
used together. They must be specially 
prepared for this purpose, and the best 
methods will be here given. Copper 
phosphide is prepared by heating a mix- 
ture of 4 parts of superphosphate of lime, 
2 parts of granulated copper, and 1 pa« 
of finely pulverized coal m a crucible at* 
temperature not too high. 1 h e me " t 
copper phosphide, containing 14 per ceuj 
of phosphorus, separates on the Do 
of the crucible. , , n_ ws - 

Tin phosphide is prepared as fo loj- 
Place a bar of zinc in an aqueous soiw 
of tin chloride. The tin will be separj, 1 ^ 
in the form of a sponge-like mass, 
lect it, and put it into a crucible, 
the bottom of which sticks of P^. 0S t: e htIy 
have been placed. Press the tin we^ 
inlo the crucible, and expose to » 8^ 
heat. Continue the heating untu 



of burning phosphorus are ^ 
observed on the crucible. -i Jlt ^ oarS cly 
phosphide, in the form ot a ^ 
crystalline mass, tin-white in c \>] e , 
be found on the bottom of t&£ c ^ 
To prepare the phosphor woi 
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Hoy to be treated is melted in the usual 
* , and small pieces of the copper phos- 

hide and tin phosphide are added. 
P phosphor bronze, properly prepared, 
, nearly the same melting point as that 
f ordinary bronze. In cooling, how- 
ever, it has the peculiarity of passing 
Htrectly from the liquid to the solid state, 
without first becoming thickly fluid. In 
ni elted state it retains a perfectly bright 
urface, while ordinary bronze in this 
condition is always covered with a thin 
film of oxide. 

If phosphor bronze is Kept ior a long 
time at the melting point, there is not 
au y loss of tin, but the amount of phos- 
phorus is slightly diminished._ 

The most valuable properties of phos- 
phor bronze are its extraordinary te- 
nacity and strength. It can be rolled, 
laramered, and stretched cold, and its 
strength is nearly doable that of the best 
ordinary bronze. It is principally used 
in cases where great strength and power 
of resistance to outward influences are re- 
quired, as, for instance, in objects which 
are to be exposed to the action of sea water. 

Phosphor bronze containing about 4 
jer cent of tin is excellently well adapted 
or sheet bronze. With not more than 5 
jer cent of tin, it can be used, forged, 
or firearms. Seven to 10 per cent of 
tin gives the greatest hardness, and such 
Dronze is especially suited to the manu- 
facture of axle bearings, cylinders for 
steam fire engines, cogwheels, and, in 
general, for parts of machines where 
|eat strength and hardness are required. 
3 hosphor bronze, if exposed to the air, 
soon becomes covered with a beautiful, 
closely adhering patina, and is therefore 
well adapted to purposes of art. The 
amount of phosphorus added varies 
from 0.25 to 2.5 per cent, according to 
.purpose of the bronze. The com- 
position of a number of kinds of phos- 
phor bronze is given below: 



Cop- 
per 



Tin 



^ 85 
III 

IV.I77.8S 
V.172.50 
VI.|73.50 



Zinc 



Lead 



VIII. 
IX. 

X. 
XI. 



74.50 
83.50 
90.34 
90.86 
94.71 



9.85 3.77 
4-15 
4-15 8-20 
11.00 7.65 

8.00 17.00 

6.00 19.00 
11.00 11.00 

8.00 8.00 

8.90 

8.50 

4.39 



0.62 
4-15 
4-15 



Iron 



trs. 



Phos- 
pho- 
rus 



0.05 

0.5-3 

.25-2 



0.76 

0.196 

0.053 
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Steel Bronze.— Copper, 60; f em 
manganese (containing 70 to 80 per cent 
manganese), 40; zinc, 15. y cut 

Silicon Bronze.— Silicon, similarly tc 
phosphorus, acts as a deoxidizing as?e 
and the bronzes produced under « 
influence are very ductile and elastic 
not rust, and are very strong. On' at 
count of these qualities silicon bronze 
is much used for telegraph and telephone 
wires. The process of manufacture 
similar to that of phosphor bronze; |1 
silicon is used in the form of copper sil 
cide. Some good silicon bronzes 
as follows: 

1 11 

Copper 97.12 97.37 

Tin 1.14 l.Sfc 

Zinc l.io 1,27 

Silicon 0.05 0.07 

Sun Bronze. — The alloy called sui 
bronze contains 10 parts of aluminui 
30 to 50 parts of copper, and 40 to 
parts of cobalt. The mixture known bj 
the name of metalline has 25 per cent 
aluminum, 30 of copper, 10 of iron, 
35 of cobalt. These alloys melt at a poii 
approaching the melting point of coppt 
are tenacious, ductile, and very hard. 

Tobin Bronze. — This alloy is nearly 
similar in composition and properties 
Delta metal. 

I II III IV 

Copper. .. 61.203 59.00 61.20 82.65 
Zinc ..... 27.440 38.40 37.14 3.2* 
Tin . 0.906 2.16 0.90 12.4( 

Iron 0.180 0.11 0.18 0.K 

Lead 0.359 0.31 0.35 2.U 

Silver &J 

Phospho- ) 0.005 

rus } 

The alloy marked IV is sometimes 
called deoxidized bronze. ^ 

Violet-colored bronze is 50 parts cop- 
per and 50 parts antimony. 

CADMIUM ALLOYS: 

See also Fusible Alloys. 

Lipowitz's Alloy.-I-^This alloy * 
com cosed of cadmium. 3 parts; tin, 4, 
bismuth 15°; and lead, 8.. The simplest 
method of preparation is to heat the 
ml afi; in smafl pieces, m a org 
stirring constantly, aa soon as fusion 
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Wins with a stick of hard wood. The 
sSgTs important, in order to prevent 
tte meUls, wW specific gravity jam* 
considerably, from being d^ted ^ 
la vers The al oy softens at 140° F. and 
X completely \t 168" F. The color 
is silvery white, with a luster like polished 
silver, and the metal can be bent, ham- 
mered, and turned. These properties 
would make it valuable for many pur- 
poses where a beautiful appearance is ot 
Special importance, but on account oi 
the considerable amount of _ cadmium 
and bismuth which it contains, it is 
rather expensive, and therefore limited 
in use. Casts of small animals, insects, 
lizards, etc., have been prepared from 
it, which were equal in sharpness to 
the best galvanoplastic work. _ Plaster of 
Paris is poured over the animal to be- 
east, and after sharp drying, the animal 
is removed and the mold filled up with 
Lipowitz's metal. The mold is placed 
in a vessel of water, and by heating to 
the boiling point the metal is melted and 
deposited in the finest impressions of the 
mold. 

This alloy is most excellent for solder- 
ing tin, lead, Britannia metal, and nickel, 
being especially adapted to the last two 
metals on account of its silver-white 
color. But here again its costliness pre- 
vents its general use, and cheaper alloys 
possessing the same properties have been 
sought. In cases where the silver-white 
color and the low melting point are not 
of the first importance, the alloys given 
below may very well be used in the place 
of it. 

II. — Cadmium alloy (melting point, 
170° P.): Cadmium, 2 parts; tin, 3; lead, 
11; bismuth, 16. 

HI- — Cadmium alloy (melting point, 
167° P.): Cadmium, 10 parts; tin, 3; Lead, 
8; bismuth, 8. 

Cadmium alloys (melting point, 203" 
*.): 

IV V 

Cadmium... i \ 

Tin g q 

Bismuth ' [ g 5 



VI 

1 parts 

1 « 

2 « 



ifiX w" Very fusible all °y. melting at 
\»»A a " '^^posed of tin, 1 or 2 parts; 
1 or 2 ° r blSmuth ' 4 or 15; cadmium, 

HO^anr^? 0 ^^^? 7 . melts te tween 
1«- 1 a 81,5 P - 11 13 composed of 

Stent ' a 13 malleable to a certain 

j ^;- C ^mium alloy (melting point, 
179.5 P.): Cadmium, 1 part; lead, 6 



park; bismuth, 7. This, l ike t , 
ceding, can be used for soldering i P t e ' 
water. & 111 hat 

S. — Cadmium alloy (melt!™ 
300° P.) : Cadmium, 2 parts; tinVl 0 ^ 
2. This is an excellent soft solder VrtT* 
melting point about 86 degrees beWX* 
of lead and tin alone. lua t 

Cadmium Alloys with Gold, SiIvpt « * 
Copper. -I -Gold, 750 parts; aiSSSJ 
parts; cadmium, 84 parts. A maUeawI 
and ductile alloy of green color. 

II— Gold, 750 parts; silver, 125 p art „. 
and cadmium, 125 parts. Malleable and 
ductile alloy of yellowish-green hue. 

III. — Gold, 716 parts; silver," m 
parts; copper, 97 parts; and cadmium 
43 parts. Likewise a malleable and 
ductile alloy of a peculiar green shade. 
All these alloys are suitable for plating* 
As regards their production, each must 
be carefully melted together from its 
ingredients in a covered crucible lined 
with coal dust, or in a graphite crucible. 
Next, the alloy has to be rernelted in a 
graphite crucible with charcoal (or rosin 
powder) and borax, _ If, in spite thereof, 
a considerable portion of the cadmiuin 
should have evaporated, the allov must 
be re-fused once more with an addition of 
cadmium. 

ALLOYS FOR CASTING COINS, ME- 
DALLIONS, ETC. 
Alloys which fulfill the requirements of 
the medalist, and capable, therefore, of 
reproducing all details, are the following: 

I II 

Tin 3 6 parts 

Lead 13 8 " 

Bismuth 6 W " 

III.— A soft alloy suitable to take im- 
pressions of woodcuts, coins, metals, en- 
gravings, etc., and which must melt at 
a low degree of heat, is made out of bis- 
muth, 3 parts; tin, 1} parts; lead, -* 
parts; and worn-out type, 1 part. 

Acid-proof Alloy.— This alloy is chw> 
acterized by its power of resisting 
action of acids, and is therefore espeaan? 
adapted to making cocks, P 1 ? 6 ,^: c] -j 
which are to come in contact wit a 
fluids. It is composed of copper,^^ 



lead, tin, iron, nickel, cobalt, and » * 
timony, in the following proportion • 

te::::::::::::::: 

11 

Iron °- 4S 

Nickel I qM 
Cobalt [ -g 
Antimony 0 
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Albata Metal. — Copper, 40 parts; zinc, 
32 parts; and nickel, 8 parts. 

Alfenide Metal.— Copper, 60 parts; 
zinc, 30; nickel, 10; traces of iron. 

Bath Metal. — This alloy is used es- 
pecially iu England for the manufacture 
of teapots, and is very popular owing to 
the fine white color it possesses. It 
takes a high polish, and articles made 
from this alloy acquire in the course of 
time, upon only being rubbed with a 
white cloth, a permanent silver luster. 
The composition of Bath metal is cop- 
per, 55 parts; zinc, 45 parts. 

Baudoin Metal. — This is composed of 
72 parts of copper, 10.6 of nickel, 1.8 of 
cobalt, 1 of zinc; i per cent of aluminum 
may be added. 

CASTING COPPER: 

Macht's Yellow Metal. — L — This alloy 
consists of 33 parts of copper and 25 of 
zinc. It has a dark golden-yellow color, 
great tenacity, and can be forged at a 
red heat, properties which make it es- 
pecially suitable for fine eastings. 

EC.— Yellow.— Copper, 67 to 70 parts; 
zinc, 33 to 30 parts. 

Ill- — Red. — Copper, 82 parts; zinc, 
18 parts. 

Copper Arsenic, — Arsenic imparts to 
copper a very fine white color, and makes 
it very hard and brittle. Before Ger- 
man silver was known, these alloys were 
sometimes used for the manufacture of 
such cast articles as were not to come in 
' contact with iron. When exposed to the 
^ air, they soon lose their whiteness and 
f i-° n a brownish shade. On account 
|l this, as well as the poisonous character 
°1 t u e arsen i c > ^ey are very little used 
at the present time. Alloys of copper 
and arsenic are best prepared by pressing 
nrmly mto a crucible a mixture of 70 
j Parts of copper and SO of arsenic (the 
, c °pper to be used in the form of fine 
•shavings) and fusing this mixture in a 
furnace with a good draught, under a 
, cover of glass. b 

Copper Iron.— The alloys of copper 
j and iron are little used in the industries 
uLl ■ present day, but it would seem 

1E2 J r Uer tlmes the y were frequently 
prepared for the purpose of giving a con- 

Ifor' de gree of hardness to copper; 

ItJn antu l ue casts, consisting princi- 

iSf,- c °PP er » we regularly find large 

IrE* 3 , of lron > which leads to the sup- 

|ttUy 1 they were added intention- 

These alloys, when of a certain com- 



tity of the iron the hZlnt£ g^SSS" 
but the sohdity i s lessened. A conS 
and iron alloy of eonsideraHeltreSh 
and at the same time ve S )l 
made of copper,. 66 parts ;V on , 34 
These alloys acqmre, on exposure to air" 
an ugly color inclining toward black! 
cre^oT e arl heref0re f da P^d f or" arfe 

Copper mckel. T A. Morrell, of Ne* 

York, nas obtained a patent on a nickel- 
copper alloy which he claims is valu- 
able on account of .its noncorrosive 
qualities, therefore making it desirable 
tor ships, boiler tubes, and other uses 
where the metal comes much in contact 
with water. The process of making the 
metal is by smelting ore containing sul- 
phide of nickel and copper, and b es era- 
en zi rig the resultant matter. This is 
calcined in order to obtain the nickel 
and copper in the form of oxides. Tht 
latter are reduced in reverberating fur 
nace with carbon, or the like, so as to 
produce an alloy which preferably con- 
tains 2 parts of nickel and 1 part of 
copper. 

Delta Metal. — An alloy widely used for 
making parts of machinery, and also 
for artistic purposes, is the so-called 
Delta metal. This is a variety of brass 
hardened with iron; some manufacturers 
add small quantities of tin and lead; 
also, in some cases, nickel. The follow- 
ing analysis of Delta metal (from the fac- 
tory at Dilsseldorf) will show its usus 1 
composition: 





I 


II 


I III 


IV 


V 


Copper. . . . 


55.94 
41.61 


55.80 
40.07 


55.82 
41.41 


54.22 
42.25 


58.65 
38.95 




0.72 


1.82 


0.76 


1.10 


0.67 




0.87 


1.28 


0.86 


0.99 


1.62 


Manganese 
Nickel 

Phosphorus 


0.81 
tra- 
ces. 
0.013 


0.96 
tra- 
ces. 
0.011 


1.38 
0.06 

tra- 
ces. 


1.09 
0.16 

0.02 


o.ii 

•t w » r 



I is cast. II hammered, III rolled, 
and IV hot-stamped metal.. Uelta 
metal is produced by heating zinc very 
strongly in crucibles (to about 1600. l<->. 
and adding ferromanganese or spiegel- 
eisen," producing an alloy of 9o P« cent 
zinc antf 5 per cent of iron. Copper and 
brass and a very small amount of copper 
mosphate are also added. 
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Gong Metal. — A sonorous metal for 
^vmhaTs fronts, and tam-tams consists 
of ?0 parts of copper with 25 parts tin 
finite the piece after it is cast and plunge 
it into cold water immediately. 

Production of Minargent.— This alloy 
consists of copper 500 parts; mckel 
S50; tungsten, 25, and aluminum,... Ihe 
metal obtained possesses a handsome 
white color and greatly resembles silver. 

Minofor .— The so-called Minofor metal 
is composed of copper, tin, antimony, zinc, 
and iron in the following proportions: 



II 
4 
66 
20 
9 
1 



Copper 3.26 

Tin 67.53 

Antimony 17.00 

Zinc 8.04 

Iron 

Minargent and Minofor are sometimes 
used in England for purposes in which th« 
ordinary Britannia metal, 2 parts tin and 
1 part antimony, might equally well be 
employed; the latter surpasses both of 
them in beauty of color, but they are, on 
the other hand, harder. 

Retz Alloy. — This alloy, which resists 
the corrosive action of alkalies and acids, 
is composed of 15 parts of copper, 2.34 
of tin, 1.82 of lead, and 1 of antimony. 
It can be utilized in the manufacture of 
receivers, for which porcelain and ebo- 
nite are usually employed. 

Ruoltz Metal. — This comprises 20 

?arts of silver, 50 of copper, 30 of nickel, 
'hese proportions may, however, vary. 
Tissier's Metal. — This alloy contains 
arsenic, is of a beautiful tombac red 
color, and very hard. Its composition 
varies a great deal, but the peculiar alloy 
which gives the name is composed of 
copper, 97 parts; zinc, 2 parts; arsenic, 
1 or 2. It may be considered a brass 
with a very high percentage of copper, 
and hardened by the addition of arsenic. 
It is sometimes used for axle bearings, 
but other alloys are equally suitable for 
this purpose, and are to be preferred on 
account of the absence of arsenic, which 
is always dangerous. 

FILE ALLOYS. — Many copper-tin al- 
loys are employed for the making of tiles 
which, in distinction from the steel files, 
are designated composition files. Such 
alloys have the following compositions: 

Geneva Composition Files. — 

P I II 

popper 64.4 62 

T , m 18.0 20 

£ in c lo.O 10 

Lead..., 7.Q g 



Vogel's Composition Files.—. 



Copper, 
Tin.... 
Zinc. . . 
Lead. . , 
VI. — Another 



III 

57.0 
. 28.5 
. 78.0 
. 7.0 
alloy for 



IV 

61.5 
31.0 

si 



V 

73.0 
19.0 
8.0 
8.0 



files is copper, 8 parts- tin"/ 2; 2°i Slt, °* 
lead, 1— fused under a cover of borax 

EASILY FUSIBLE OR PLASTIC at 
LOYS. AL - 

(These have a fusing point usualU 
below 300° F.) SUall y 
(See also Solders.) 

I. Rose's Alloy. — Bismuth, 2 parts . 
lead, 1 part; tin, 1 part. Melting nrW 
200° F. & y X> 

II. Darcet Alloy. — This is composed of 
8 parts of bismuth, 5 of lead, and 3 of tin. 
It melLs at 176° F. To impart greater 
fusibility, -jV part of mercury is added; 
the fusing is then lowered to 149° F. 

III. — Newton alloy melts at 212° F., 
and is composed of 5 parts of bismuth, 2 
of lead, and 3 of tin. 

IV. — Wood's Metal.— 

Tin £ parts 

Lead 4 parts 

Bismuth 5 to 8 parts 

This silvery, fine-grained alloy fuses 
between 151° and 162° F., and is ex- 
cellently adapted to soldering. 

V. — Bismuth, 7 parts; lead, 6 parts; 
cadmium, 1 part. Melting point, 180° F. 

VI. — Bismuth, 7 to 8 parts; lead, 4; 
tin, 2; cadmium, 1 to 2. Melting point, 
149° to 160° F. 

Other easily fusible alloys : 

VII VIII IX 

Lead 1 « 3 

Tin 1 f $ 

Bismuth 1 * O .,,o 

Melting Point.... 258° F. 283° 311 

Fusible Alloys for Electric Installa- 
tions.— These alloys are employed J 
electric installations as current inre 
rupters. Serving as conductors ; on 
short length of circuit, they melt as so^_ 
as the current becomes too str ° n S: „f 
lowing is the composition or soxo 
these alloys 

' Cft* 




These alloys are. prepared by melting 
*he lead in a stearine bath and adding 
successively, and during the cooling, 
first, the cadmium; second, the bismuth; 
third, the tin. It is absolutely necessary 
to proceed in this manner, since these 
mpt'ds fuse at temperatures ranging 
from 850° F. (for lead), to 551° F. (for 
tin)- 

Fusible Safety Alloys for Steam 
Boilers. — 



L. 
II.. 

III. . 

IV. . 

v.. 

VI.. 
VII.. 
VIII. . 

IX.. 
X.. 
XL. 



Bis- 
muth 



Lead 


Zinc 


Melting 
point 


Atmos. 
pres- 
sure 


5 


3 


212° F. 


1 


8 


4 


235° F. 


1.5 


8 


3 


253° F. 


2 


10 


8 


266° F. 


2.5 


12 


8 


270° F. 


3 


16 


14 


280° F. 


3.5 


1G 


12 


285° F. 


4 


22 


24 


309° F. 


5 


32 


36 


320° F. 


C 


32 


28 


330° F. 


7 


30 


24 


340° F. 


8 



Lipowitz Metal. — This amalgam is pre- 
pared as follows: Melt in a dish, cad- 
mium, 3 parts, by weight; tin, 4 parts; 
bismuth, 15 parts; and lead, 8 parts, 
adding to the^ alloy, while still in fusion, 
2 parts of quicksilver previously heated 
to about 212° F. The amalgamation 
proceeds easily and smoothly. The 
liquid mass in the dish, which should 
be taken from the fire immediately upon 
the introduction of the mercury, is stirred 
until the contents solidify. While Lipo- 
witz alloy softens already at 140° F. and 
fuses perfectly at 158°, the amalgam has 
a still lower fusing rioint. which lies 
around 143?° F 
Thi 



Ihis amalgam is excellently adapted 
tor the production of impressions of 
various objects of nature, direct im- 
pressions of leaves, and other delicate 
p . a [ ts of plants having been made with its 
am which, in point of sharpness, are 
equal to the best plaster casts and have 
* very pleasing appearance. The anrnl- 
^ ai n hag a s il V e r -white color and a 
f. ne gloss. It is perfectly constant 
" atrn °spheric influences. This amal- 

t u ls ° been used with & nod suc " 
anH u making of small statuettes 

t^-ti ^ wIlic h are hollow and can be 
siti y ° r hronz ed by electro-depo- 
uon. The production of small statues 
i Wi UCCessEullv ^rried out by making a 
I b ° u ow gypsum mold of the articles to 
I c cast and heating the mold evenly to 



sides all over The shaking jKdb 
continued until it is certain tlfatthe amal 
solidified. When the mo\ 



jam has 
las cooled 



ar 

e 



off it i s taken apart i 
the seams removed by means of a shar 
knife If the operation is carried o 
correctly, a chasing of the cast mass bl 
comes unnecessary, since the alloy fill 
out the finest depressions of the rnol 
with the greatest sharpness. 

Amalgam for Plaster.— Tin, 1 pa 
bismuth, 1 part; mercury, 1 part. M 
the bismuth and the tin together, a 
when the two metals are in fusion ad 
the mercury while stirring. For us 
rub up the amalgam with a little white 
egg and brush like a varnish on th 
plaster articles. 

Plastic Metal Composition. — I. Coppe 
oxide is reduced by means of hydroge 
or copper sulphate by boiling a solutio 
of the same in water with some zinc filin 
in order to obtain entirely pure coppe 
Of the copper powder obtained in this ma 
ner, 20, 30, or 36 parts, by weight, accor 
ing to the degree of hardness desired fo 
the composition (the greater the quanti 
of copper used the harder will the compos 
tion become), are thoroughly moistene 
in a cast-iron or porcelain mortar wit 
sulphuric acid of 1.85 specific gravit 
70 parts, by weight, of mercury are the 
added to this paste, the whole being co~ 
stantly stirred. When all the copp 
has been thoroughly amalgamated wit 
the mercury, the sulphuric acid is washe 
out again with boiling water, and in 1 
hours after it has become cold the com 
position will be so hard that it canb 
polished. It is impervious to the actio 
of dilute acids, alcohol, ether, and boil 
ing water. It contains the same speeib 
gravity, alike in the soft or the hard con- 
dition. When used as a cement, it ca 
at any time be rendered soft and plastic 
in the following manner: If a PP. Jie <? 
while hot and plastic to the deoxidized 
surfaces of two pieces of metal, thes 
latter will unite so firmly that in about 1 
or 12 hours the metal may be subjecte 
to any mechanical process. ine P ro -. 
erties of this composition render j 
very useful for various purposes, and l 
forms a most effective cement for fin 
me£l articles which cannot be soldered 

in n e _Bi S muth, 5.B parts; lead, S; tin, 

1 III. Alloy d'Homburg. — Bismuth, 
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S parts; lead, 3; tin, 3. , This alloy is 
fusible at 251° P.. and is of a silvery 
white. It is employed for reproductions 
of medals. . , 

IV Alloy Valentine Rose.— Bismutft, 
4to6"parts; lead, 2 parts; tin, 2 to 3 parts. 
This alloy fuses at 212° to 250° F. 

V Alloy Rose pere. — Bismutii, » 
parte; lead, 2; tin, 2. This alloy fuses 
at 199° F. 

The remainder are plastic alloys for 
reproducing cuts, medals, coins etc.: 

VI. — Bismuth, 4 parts; lead, 2 parts; 

tin, 1 part. 

VII. — Bismuth, 3 parts; lead, 3 parts; 

tl 'vni ? — Bismuth, 4 parts; lead, 2 parts; 
tin, 2 parts. 

IX. — Bismuth, 5 parts; lead, 2 parts; 

tin, 3 parts. 

X. — Bismuth, 2 parts; lead, 2 parts; 
tin, 2 parts. 

Quick -Water. — That the amalgam 
may easily take hold of bronze objects 
and remain there, it is customary to 
cover the perfectly cleansed and shining 
article with a thin coat of mercury, which 
is usually accomplished by dipping it into 
a so-called quick- water bath. 

In the form of minute globules the 
mercury immediately separates itself 
from the solution and clings to the bronze 
object, which thereupon presents the 
appearance of being platea with silver. 
After it has been well rinsed in clean 
water, the amalgam may be evenly and 
without difficulty applied with the 
scratch brush. 

This quick- water (in reality a solution 
of mercurous nitrate), is made in the sim- 
plest manner by taking 10 parts of mer- 
cury and pouring over it 11 parts of 
nitric acid of a specific gravity equal to 
133; now let it stand until every part 
of the mercury is dissolved; then, while 
stirring vigorously, add 540 parts of 
water. This solution must be kept in 
closed flasks or bottles to prevent im- 
purities, such as dust, etc., from falling 
into it. fe 

The preparatory work on the object 
to be gilded consists mainly in cleansing 
It irom every trace of oxidation. First 
It must be well annealed by placing it in 
a bed. of glowing coal, care being cxer- 
Wh ^ the heating be uniform. 
ft WM 000 ! 1 ^' P iepe is Ponged into 
a highly diluted sulphuric-acid bath in 
TW d V! solv e J n a measure the oxide. 
«ext it is dipped m a 30° nitric-acid bath, 

diWrf if? W i5 a brush; j t « now 

dipped into nitric acid into which a little 



lampblack and table salt have v 
thrown. It is now ready f 0r ^„ 
in clean water and drying ; n „JT 
sawdust. It is of the greatiti^ 3 ^ 
that the surface to be gilded shlKf J c 
pear of a pale yellow tint all over vfi 
be too smooth the gold will not take t n 
easily, and if it be too dull it will rp ■ 
too much gold to cover it. e quir e 

GOLD ALLOYS: 

Colored Gold Alloys.— The all 0 y a of 
gold with copper have a reddish thW 
those of gold with silver are whiter and 
an alloy of gold, silver, and copper to 
gether is distinguished by a greenish 
tone. Manufacturers of gold War g 
make use of these different colors, one 
piece being frequently composed of 
several pieces of varying color. Below 
are given some of these alloys, with their 
colors; 





Gold 


Silver 


Copper 


Steel 


Cad- 
mium. 


I.. 


2 


6 


1 


0 










II.. 


75 


0 


16 


6 








*8.4 


III.. 


74 


6 


11 


4 


9. 


7 




4.3 


IV.. 


75 


0 


12 


6 








IS. 5 


v.. 


1 


0 


2 


0 










VI. . 


4 


0 


8 


0 


i. 


d 






VII. . 


14 


7 


7 


0 


6. 


0 






VIII.. 


14 


7 


9 


0 


4. 


0 






IX.. 


3 


0 


1 


0 


1. 


0 






X.. 


10 


0 


1 


0 


4. 


0 






XL. 


1 


0 






1. 


0 






XII.. 


1 


0 






Q 


0 






XIII.. 


30 


0 


3 


6 






2.6 




XIV.. 


4 


0 










1.0 




XV.. 


29 


0 


ii 


G 










XVI.. 


1 


3 










1.0 





Nos. I, II, III, and IV are green go. 
o. Vis pale yellow; Nos. VI, 
III bright yellow; Nos. IX and X P 



N 

VIII 



gold; 
and 
pale 



red; Nos. XI and XII bright red; *js. 
XIII,. XIV, and XV gray; while Jvo- 
XVI exhibits a bluish tint. The finisBea 
gold ware, before being put "P. 0 ?"! 
market, is subjected to a s P cCial 
ment, consisting either in the s p 
pickling or in the so-called coloring 
which operation is conducted esp 
with allovs of low degree of finely 
object being to give the layers a su* 
ficial layer of pure gold. -Jorflbly 
The presence o? silver consider*^ 
modifies the color of gold, and '£ Ha in 
er makes use of this property Vj[ olV ing 
alloys of various shades. lh e ; 
proportions are to be observed, v 
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Gold Silver Copper 
Color of Gold per per per 
1,000 1,000 1,000 

I Green 750 250 ... 

II. Dead leaves. ... 700 300 . . . 

Ill Sea green 600 400 . . . 

JV Pink 750 200 50 

V English yellow.. 750 125 125 
VI English white. .. 750 150 100 

VII Whiter 750 170 80 

VIII Less white 750 190 60 

IX. Red. 750 ... 250 

Other colored gold alloys are the fol- 
lowing: 

X- Blue, — Fine gold, 75; iron, 25. 

XI. Dark Gray. — Fine gold, 94; 
iron, 6. 

XII. Pale Gray. — Fine gold, 191; 
iron, 9. 

XIII. Cassel Yellow. — Fine gold, 75; 
fine silver, 12£; rose copper, 12$. 

The above figures are understood to 
be by weight. 

The gold solders, known in France 
under the names of soudures au quart 
(13^ carat), aw tiers (12 carat), and au 
deux (9 carat), are composed of 3, % or 
1 part of gold respectively, with 1 part of 
an alloy consisting of two-thirds silver and 
one-third copper. Gold also forms with 
aluminum a series of alloys of greatly vary- 
ing coloration, the most curious of them, 
composed of 22 parts of aluminum for 88 
parts of gold, possessing a pretty purple 
shade. _ But all these alloys, of a highly 
crystalline base, arc very brittle and can- 
not be worked, for which reason their 
handsome colorings have not yet been 
capable of being utilized. 
Enameling Alloys. — I. Transparent. 
This alloy should possess the property 
of transmitting rays of light so as to give 
the highest possible effect to the enamel. 
The alloy of gold for transparent green 
should be pale; a red or copper alloy 
does not do for green enamel, the copper 
has a tendency to darken the color and 
tnua take away a part of its brilliancy. 
Itie following alloy for transparent 
green possesses about the nearest print, 
m color, to the enamel— which should 
represent, as near as possible, the color 
and brilliancy of the emerald— that can 
oe arrived at: 

, ozs. dwta. grs. 

*inegold 0 18 8 

Fine silver o I 6 

Fine copper 0 0 10 

nf'u?- borax must ^ e used in tne melting 
oi this alloy, it being of a more fusible 
mature than the ordinary alloy, and will 

iT ta w e so a teat in enameling. 
U. Fed Enamel.— The enamel which 
rms this color being of a higher fusing 
8 



point, if proper care be not taken t 

rum ed. In the preparation of red enam- 
el the coloring raattcr is usually an S 
of gold, and this so raises the tempera- 
ture at whrch it melts that, in o2 to 
prevent any mishap, the gold to be enam 
eled on should be what is called a jgl 
carat red, that is, it should contain a 
preponderance of copper in the alloying 

Fine gold o 18 8 

Fine silver 0 0 10 

Fine copper 0 1 6 

Gold-leaf Alloys.— All gold made into 
leaf is more or less alloyed. The gold 
used by the goldbeater is alloyed ac- 
cording to the variety of color required. 
Fme gold is commonly supposed to be in- 
capable of being reduced to thin leaves. 
This, however, is not the case, although 
its use for ordinary purposes is unde- 
sirable on account of its greater cost. It 
also adheres by contact of one leaf with 
another, thus causing spoiled material 
and wasted labor; but for work exposed v 
to the weather it is much preferable, as 
it is more durable and does not tarnish 
or change color. 

The following is a list of the principal 
classes of leaf recognized and ordinarily 
prepared by beaters with the proportion 
of alloy they contain - 



II. Pale red. . . 

III. Extra deep. 

IV. Deep 

V. Citron 

VI. Yellow .... 

VII. Pale yellow 

VIII. Lemon .... 

IX. Green or pale 



Gold-Plate Alloys.— Gold, 92 parts; 
copper, 8 parts. . 
Jf. _ Gold, 84 parts; copper, 16 parts. 
TTT.__Gold, 75 parts; copper, 25 parts. 

IMITATION GOLD. . ^ , 

I.-One hundred parts by weight ■ 
enrmer of the purest quality; 14 ot zinc 
or P tfn foLJne S i,;\ The 
limestone and cream ot taitar. x^g 
coTne ?? HfiiJt melted, then the magnesia, 
SKmoSiac, limestone s and cream of 
tartar in powder are added separately 
S3 Gradually. The whole mass is kept 
KiS for a naif hour, the zinc or 
being dropped in piece by piece, the . 



Gold 


Silver Copper 


grs. 


grs. grs. 


456-460 


. . . 20-24 


464 


16 


456 


12 12 


444 


24 12 


440 


30 10 


408 


72 


384 


96 .... 


360 


120 


312 


168 .... 


240 


240 



rinf? being kept up till they melt. Fi- 
nally the crucible is covered and the mass 
is kept in fusion 35 minutes and, the same 
feeing removed, the metal is poured mto 
molds, and is then ready for use. .The 
alloy thus made is said to be fine-grained, 
malleable, takes a high polish, and does 
not easily oxidize. , 

II —An invention, patented in uer- 
manv, covers a metallic alloy, to take 
the place of gold, which, even if exposed 
for sometime to the action of ammonia- 
cal and acid vapors, does not oxidize or 
lose its gold color. It can be rolled and 
worked Tike gold and has the appearance 
of genuine gold without containing the 
slightest admixture of that metal. The 
alloy consists of copper and antimony m 
the approximate ratio of 100 to 6, and is 
produced by adding to molten copper, 
as soon as it has reached a certain degree 
of heat, the said percentage of antimony. 
When the antimony; has likewise melted 
and entered into intimate union with the 
copper, some charcoal ashes, magne- 
sium, and lime spar are added to the mass 
when the latter is still in the crucible. 

III. Aluminum Gold. — This alloy, 
called Nuremberg gold, is used for mak- 
ing cheap gold ware, and is excellent for 
this purpose, as its color is exactly that of 
pure gold, and does not change in the air. 
Articles made of Nuremberg gold need 
no gilding, and retain their color under 
the hardest usage; even the fracture of 
this alloy shows the pure gold color. The 
composition is usually 90 parts of cop- 
per, 2.5 of gold, and 7.5 of aluminum. 

IV. — Imitation gold, capable of being 
worked and drawn into wire, consists of 
950 parts copper, 45 aluminum, and 2 to 
5 of si) ver. 

V. — Chrysochalk is similar in com- 
position to Mannheim gold: 

popper 90.5 58.68 

Zinc - 7.9 40.22 

Lead 1.6 1.90 

In color it resembles gold, but quickly 
Loses its beauty if exposed to the air, on 
account of the oxidation of the copper 
J* can however, be kept bright for a W 
wWl 7 a , C0 ] atin g 1 »f colorless varnish, 
which excludes the air and prevents 
oxidation Chrysochalk is used for 
most ot the ordinary imitations of gold 
Cheap watch chains and jewelry are 

heintTold^ G ° ld ° r Similor.-Mann- 
Snd tin £ 5 COm P f,SHl of copper, zinc, 
and tin, ,n proportions about as follows' 



1 

Copper 83.7 898 

Zinc 9.3 «a 

Tin 7.0 J; 

It has a fine yellow color, and Waa 
formerly much used in making butt 
and pressed articles resembling g^U 
Later alloys, however, surpass it in Co j 
and it has fallen somewhat into di«si 
One variety of Mannheim g 0 \^ * 
called, contains 1.40 parts of br* 0 
(composition 3 Cu 2 1 Zn) to 10 of CO m>£ 
and 0.1 of zinc. 

Mosaic Gold.- -This Is an alloy com 
posed— with slight deviations— 0 f iqq 
parts of copper and 50 to 55 of zinc. It 
has a beautiful color, closely resembling 
that of gold, and is distinguished by a 
very fine grain, which makes it especially 
suitable for the manufacture of castings 
which are afterwards to be gilded. The 
best method of obtaining a thoroughly 
homogeneous mixture of the two metals 
is first to put into the crucible one-half 
of the zinc to be used, place the cover 
upon it, and fuse the mixture under a 
cover of borax at as low a temperature 
as possible. Have ready the other half 
of the zinc, cut into small pieces and 
heated almost to melting, and when the 
contents of the crucible are liquid throw 
it in, a small portion at a time, stirring 
constantly to effect as intimate a mixture 
of the metals as possible. 

Oreide or Oroide (French Gold).— The 
so-called French gold, when polished, so 
closely resembles genuine gold in color 
that it can scarcely be distinguished from 
it. Besides its beautiful color, it has the 
valuable properties of being very ductile 
and tenacious, so that it can easily be 
stamped into anv desired shape; it also 
takes a high polish. It is frequently 
used for the manufacture of spoons, 
forks, etc., but is unsuitable for this pur- 
pose on account of the large amount ol 
copper contained in it, rendering it i D " 
jurious to health. The directions M 
preparing this alloy vary greatly. -J-JI 
products of some Paris factories siiav 
the following composition: 

I II 111 

Copper 90 80.5 86.21 

Zinc P 10 14.5 5J3 

T lm 0.24 

Iron ■ • ^ 

A special receipt for oreide is the o 
lowing: -nd 

IV.— Melt 100 parts of copp<* * oJ 
add, with constant stirring, 6 pa y 0 j 
magnesia, 3.6 of sal ammoniac, 
lime, find 9 of crude tartar. * e 
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thoroughly and add 17 _ parts of granu- 
lated zinc, and after mixing it with the 
copper by vigorous stirring keep the 
alloy liquid for one hour. Then care- 
fully remove the scum and pour off the 
alloy. 

Pinchbeck. — This was first manufac- 
tured in England. Its dark gold color 
is the best imitation of gold alloyed with 
copper. Being very ductile, it can easily 
be rolled out into thin plates, which can 
be given any desired shape by stamping. 
It does not readily oxidize, and thus 
fulfills all the requirements for making 
cheap jewelry, which is its principal use. 



Or 



Copper 88.8 93.6 

Zinc 11.2 6.4 

Copper 2.1 1.28 

Zinc 0.7 

Brass.. 1.0 0.7 



Palladium Gold. — Alloys of gold, cop- 
per, silver, and palladium have a brown- 
ish-red color and are nearly as hard as iron. 
They are sometimes (although rarely) 
used for the bearings for the axles of the 
wheels of fine watches, as they invite little 
friction and do not rust in the air. The 
composition used in the Swiss and Eng- 
lish watch factories consists usually of 
gold 18 parts, copper 13 parts, silver 11, 
aad palladium 6. 

Talmi Gold.— The name of talmi gold 
was_ first applied to articles of jewelry, 
chains, earrings, bracelets, etc., brought 
from Paris, and distinguished by beau- 
tiful workmanship, a low price, and 
great durability. " Later, when this al- 
loy had acquired a considerable reputa- 
tion, articles were introduced under the 
same name, but which were really made 
of other metals, and which retained their 
beautiful gold color only as long as they 
were not used. The fine varieties of tal mi 
gold are manufactured from brass, cop- 
per, or tombac, covered with a thin plate 
?i gold, combined with the base by roll- 
ing, under strong pressure. The plates 
are then rolled out by passing through 
tollers, and the coating nut only acquires 
considerable density," but adheres so 
closely to the base that the metal will 
~* C P its beautiful appearance for years 
ut 'ate, many articles of talmi 



ha 



v e been introduced whose gold 



gold 

coat- 



is S :- 1S J >roduced by electroplating, and 



man y cases so thin that" hard 
the K g WlU trin S through the color of 
j se " Such articles, of course, are 
durable. In genuine talmi gold, the 
gating, even though it may be thin, ad- 
etes v «y closely to the base, for the rea- 
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son that the two 

welded bv the rSin^ Vf 6 ? CtUa11 
alloyed gold i s 'vf* &nd a } aa because 

mu4ha?dl^Ln d p^ g Z ed ' T« i3 
gold of e ectropkting fa®^ 3 e Q3S 
composition of some variSea i ^ • 
gold are here given It ™Tl u ° f ta i mi 
the content of ™fc ? ^? 
the durability of the allov wifl «p y * 
correspond to this. The aUoys I 
are genuine Paris talmi gold; IV* V 
VI are electroplated * V ' 



an 
an 



\m " imitations: 
* is an alloy of a wrong compos™ 
to which the gold does not adhere firmly 



I. 
II. 
III. 

IV. 



Coppl; 



89, 
90. 
90. 
90. 
88. 
87. 
83. 
93. 
84, 
86, 



Zinc 
9.3 
8.3 
8.9 
89.0 
11.4 
12.4 
17.0 
6.6 
15.8 
12.0 



Tin Iron 



Gal 
1. 
0. 
0. 

0. 
0. 
0.0 



1.1 0.3 



n 

vi. | 

VII. 

Japanese Alloys. — In Japan som 

specialties in metallic alloys are in use< 
which the composition is as follows: 

Shadke consists of copper with from 1 
10 per cent of gold. Articles made fro 
this alloy are laid in a pickle of bl 
vitriol, alum, and verdigris, until th 
acquire a bluish-black color. 

Gui-shi-bu-ichi is an alloy of copr 
containing 30 to 50 per cent of silver, 
possesses a peculiar gray shade. 

Mokume consists of several conrposi 
tions. Thus, about 30 gold foils (ge~ 
uine) are welded together with shac ' 
copper, silver, and gui-shi-bu-ichi 
pierced. The pierced holes are, 
firmly hammering together the plates, 
filled up with the above-named pickle. 

The finest Japanese brass consists i 
10 parts copper and 8 parts zinc, and 
called siachu. The bell metal kara kan 
is composed of copper 10 parts, tin 1 
parts, iron 0.5 part, and zinc 1.5 .parts 
The copper is first f used,_ then the 
maining metals are added m rotation. 

GERMAN SILVER OR ARGENTAN. 

The composition of this alloy rant 
considerably, but from the adjoined fij 
ures an average may be found wtac 
will represent, approximately, the norms 
composition: 

rn-nner . . • 50 to 66 parts 

S£ p e per 19 to SI parts 

Nickel*'.'.'.... 13 to 18 parts 
The properties of the different kinds, 
such as Jheir colc= ductility, fusibility, 



aft 



vary with the proportions of the 
single metals. For making spoons, forks, 
cups, candlesticks, etc., the most suitable 
Proportions are 50 parts of copper, 25 of 
S and 25 of nickel. This metal has 
a beautiful blue-white color, and does 
not tarnish easily. . , T 

German silver is sometimes so brittle 
that a spoon, if allowed to fall upon the 
floor, will break; this, of course, indicates 
faulty composition. But the following 
table will show how the character ot the 
alloy changes with the varying percent- 
age of the metals composing it: 

Zinc Nickel Quality 
3.5 4 Finest quality. 
3.5 6 Beautiful, but 
refractory. 
3 Ordinary, 

readily fus- 
ible. 

52 26.0 22 First quality. 
59 30.0 11 Second quality. 
63 31. 0 6 Third quality. 

The following analyses give further 
particulars in regard to different kinds 
of German silver: 



I. 
II. 



Copper 
8 
3 



(II. 8 6.5 




VI. 



For sheet 



(French) . . 
(French) . . 
(French) , . 
Vienna 
Vienna. . . . 
Vienna. . . . 

Berlin 

Berlin 

English 

English 

English 

English.. . . 
Chinese. . . 
Chinese. . . 
Chinese. . . 
Chinese. . . 
Castings. . . 
Castings. . . 



Castings . 



Cop- 
1 per 


Zinc 


Nickel 


Lead 


Iron 


50.0 


31.3 


18.7 






50.0 


30.0 


20.0 






58.3 


25.0 


16.7 






50.0 


25.0 


25.0 






55.6 


22.0 


22.0 






60.0 


20.0 


20.0 






54.0 


28.0 


18.0 






55.5 


29.1 


17.5 






63.31 


17.01 


19.13 






62.40 


22.15 


15.05 






62.63 


26.05 


10.85 






57.40 


25. 


13.0 




3.6 


26.3 


36.8 


30. a 




43.8 


40.6 


15.6 






45.7 


36.9 


17.9 






40.4 


25.4 


31.6 




2.6 


48.5 


24.3 


24.3 


2.9 


. 54.5 


21.8 


21.8 


1.9 




'58.3 


19.4 


19.4 


2.9 




.57.8 


27.1 


14.3 


0.8 




57. 


20.0 


20.0 


3.0 





In some kinds of German silver are 
found varying quantities of iron, man- 
ganese tin and very frequently lead, 
added or the purpose of changing the 
property of the alloy or cheapening he 
hil l Potion. But all these metals 
firial Pff? e t tnment ^ mther than a bene- 
the allov T n the . general character of 
the alloy, and especially lessen its power 



of resistance to the action of dilute -j 
one of its most valuable pron^- ' 
Lead makes it more fusible; tin s " 
somewhat as in bronze, making it ri p acta 
and more resonant, and enabling if! 1 
take a higher polish. With iron or rW 
ganese the alloy is whiter, but it K 
comes at the same time morerejract 
_ftnd its tendency toward {^'-n^T?. 
increase!!. L 3 

SUBSTITUTES FOR GERMAN =m 
VER. aiL " 

There are many formulas for alio? 
which claim to be substitutes f or Ger- 
man silver; but no one of them h as Te ~ 
become an article of general commerce 
It will be sufficient to note these ma- 
terials briefly, giving the composition of 
the most important. 

Nickel Bronze.— This is prepared by 
fusing together very highly purified 
nickel (99.5 per cent) with copper, tin, 
and zinc. A bronze is produced contain' 
ing 20 per cent of nickel, light-colore 
and very hard. 

Bismuth Bronze. — 

I II III IV 

Copper 25.0 45.0 69.0 47. 

Nickel 24.0 32.5 10.0 30. 

Antimony 50.0 

Bismuth! 1.0 1.0 1.0 0. 

Tin 16,0 15.0 1. 

Zinc. ... 21.5 20.0 21. 

Aluminum 1.0 

I is hard and very lustrous, suitab 
for lamp reflectors and axle bearings; 
is hard, resonant, and not affected b 
sea water, for parts of ships, pipes, tel 
graph wires, and piano strings; III an 
IV are for cups, spoons, etc. 

Manganese Argentan. — 

Copper 52 to 50 parts 

Nickel..... 17 to 15 

Zinc 5 to 10 2 

Manganese 1 to o 

Copper, with 15 per (t 
cent phosphorus. 3 to o 

Readily cast for objects of art. 

A tt.T. 66 par* 

Nickel 2 J <( 

Tungsten.... (i 

Copper 

Arguzoid.- ^ 

Copper *> J • „'°- *3S 

Zinc 23.108 

Nickel 13.406 

Tin * Off 

Lead S -°-Wf 

Silver white, almost ductile, suiteu 
artistic purposes. 
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p er ro-Argentan.— 

Copper 70.0 parts 

Nickel 20.0 « 

Zinc 5.5 " 

Cadmium 4.5 " 

Resembles silver; worked like German 
silver- 
Silver Bronze. — Manganese, 18 . per 
cen t; aluminum, 1.2 per cent; silicium, 
h ner cent; zinc, 13 per cent; copper, 67.5 




man. 



fable tor rheostats 



Instrument Alloys. — The following 
are suitable for physical and optical in- 
struments, metallic mirrors, telescopes, 
etc.: 

I. — Copper, 62 parts; tin, 33 parts; 
lead, 5 parts. 

II. — Copper, 80; antimony, 11 ; lead, 9. 
HI. — Copper, 10; tin, 10; antimony, 

10; lead, 40. 

IV. — Copper, 30; tin, 50; silver, 2; 
arsenic, 1. 

V. — Copper, GO; tin, 33. 

VI. Copper, 64; tin, 26. 

VII. -— Steel, 90; nickel, 10. 

VIII. — Platinum, 60; copper, 40. 

IX. — Platinum, 45; steel, 55. 

X. — Platinum, 55; iron, 45. 
XL — Platinum, 15; steel, 85. 

XII. — Platinum, 20; copper, 79; ar- 
senic, 1. 

XIII. — Platinum, 62; iron, 28; gold, 

XIV. — Gold, 48; zinc, 52. 

XV. — Steel, 50; rhodium, 50. 

X VL —Platinum, 12; iridium, 88. 
XVII.— Copper, 89.5; tin, 8.5; zinc, 2. 

LEAD ALLOYS. 

The following alloys, principally lead, 
are used for various purposes: 

Bibra Alloy.— This contains 8 parts of 
bismuth, 9 of tin, and 38 to 40 of lead. 

Metallic Coffins.— Tin, 40 parts; lead, 
^ Parts; copper, 15 parts. 

Plates for Engraving. — I. — Lead, 
^antimony, 16 parts. 

u.— Lead, Q « 

Parts 



86 parts; 

rj.,5 I, "~ I,ea(J ' 87 Parts; 
copper, lparL 

p ls ' tin, 5 parts 

-Lead, 73 parts; 



V. 
Parts; 



antimony, 
antimony, 
antimony, 
antimony, 



84 
14 
12 
14 
17 



a *tim onyj4 ' pa ; ta . 



parts; lead, 43 parts; 



8* parts; 



Hard lead is marl* of i j 
antimony, 16 parte? ° f ^ 
Sheet Metal Alloy.— 
Tin 

Lead J™ parts 

Copper 1" 25 S e P^t S 

zinc o'g parts 

This alloy has a fine white cJH^ j 
can be readily rolled into r £ aild 

For that reason it t well adaV^^ 
hmng tea chests and forlhe ^SdSfS"" 
of tobacco and chocolate wrappers TT 
copper and zmc are nsed In the for 
of hue shavings. The alloy should be 
immediately cast into thin plates, whic 
can then be passed through rolls. 

MAGNETIC ALLOYS. 

Alloys which can be magnetized n 
strongly are composed of copper, man 
ganese, and aluminum, the quantities o 
manganese and aluminum being pro 
portional to their atomic weights (55.0 t 
27.1, or about 2 to 1). The maximu 
magnetization increases rapidly wit 
increase of manganese, but alloys eon 
taining much manganese are exceedingl 
brittle and cannot be wrought. Th 
highest practicable proportion of man 
ganese at present is 24 per cent. 

These magnetic alloys were studied h 
Ilensler, Ilaupt, and Starck f and Gum 
lich has recently examined them at th 
Physikaliseh - technische Iteichsanstalt 
with very remarkable and interesting re 
suits. 

The two alloys examined were com 
posed as follows: 

Alloy I.— Copper 61.5 per cent; man 
ganese, 23.5 per cent, aluminum, 15 pe 
cent; lead, 0.1 per cent, with traces of iro 
and silicon. . 

Alloy II.— Copper, 67.7 per .cent 
manganese, 20.5 per cent; aluminum 
10.7 per cent; lead, 1.2 per cent, wit 
traces of iron and silicon. 

Alloy II could be worked ™£out dif- 
ficulty, but alloy I was so brittle hat it 
broke under the hammer. A bar 7 inches 
long and i inch thick was obtained by 
grinding. This broke in two during the 
g^surfments, but, fortunately wjhou 
invalidating them. Such » i mater aJ 

A ^k^S S Si chat 
loy I u «^™nt to tomp t c 

W - h but S behavior of. alloy ILj 



toy 

ges 



^ATZnt Prolonged heating to 2S0< 
very different, irm . % ease in its capa- 
F. produces a great i n *- 1 ^ B . , fter 544 
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irauss approaching the strength of alloy 
r But when alloy II is heated to 329° 
p its capability of magnetization fails 
affkin and the material suffers permanent 
be partly, 



but not 



was 



injury, which can 
wholly, cured by prolonged heating 
Another singular phenomenon 
exhibited by both of these alloys. When 
a bar of iron is magnetized by an electric 
current, it acquires its full magnetic 
strength almost instantaneously on trie 
closure of the circuit. The magnet! c 
allovs, on the contrary, do not attain 
their full magnetization for several min- 
utes. In some of the experiments a 
gradual increase was observed even after 
the current had been flowing five minutes 
In magnetic strength alloy I proved 
far superior to alloy II, which con- 
tained smaller proportions of manga- 
nese and aluminum. Alloy I showed 
magnetic strengths up to 4.5 kilogauss, 
while the highest magnetization ob- 
tained with alloy II was only 1.9 kilo- 
gauss. But even alloy II may be called 
strongly magnetic, for its maximum mag- 
netization is about one-tenth that of good 
wrought i yn" fl s to 20 M°B auss )- or 
one- sixth that of cast iron (10 to 12 
kilogauss). Alloy I is nearly equal in 
magnetic properties to nickel, which can 
be magnetized up to about 5 kilogauss. 

MANGANESE ALLOYS: 

Manganese bronze is a bronze de- 
prived of its oxide by an admixture of 
manganese. The manganese is used as 
copper manganese containing 10 to 30 
per cent manganese and added to the 
bronze to the amount of 0.5 to 2 per cent. 

Manganese Copper.— The alloys of 
copper with manganese have a beauti- 
ful silvery color, considerable ductility, 
great hardness and tenacity, and are 
more readily fusible than ordinary 
bronze. A special characteristic is that 
they exactly fill out the molds, with- 
out the formation of blowholes, and pre- 
sent no difficulties in casting. 

Cupromanganese is suitable for many 
purposes for which nothing else but 
bronze can advantageously be used, and 
ttie cost of its production is no greater 
tban that of genuine bronze. In pre- 
paring the alloy, the copper is used in the 
iorm of fine g-ains, obtained by pouring 
melted copper into cold water. These 
copper grains are mixed with the dry 
oxide of manganese, and the mixture put 
? rucible holding about 66 pounds, 
enough space must be left in the cruci- 
al %£ ™ a tW ck cover of charcoal, 
as tne manganese oxidizes easily. The 
"ucble is pl aced in a weU-drawing 



wind furnace and subjected to a 
white heat. The oxide of mangan - 8 
completely reduced to manganese w fi ? 
at once combines with the cop per L f ' 
an alloy. In order to prevent, as fa 01 
possible, the access of air to the fi* 9,8 
mass, it is advisable to cover the cruc^n 8 
with a lid which has an aperture in Jl 
center for the escape of the carbon- 
oxide formed during the reduction 

When the reduction is complete anrf 
the metals fused, the lid is removed a 1 
the contents of the crucible stirred win, 
an iron rod, in order to make the allov 
as homogeneous as possible. By re 
peated remelting of the cupromanganese 
a considerable quantity of the man- 
ganese is reconverted into oxide; : t 3" 
therefore, advisable to make the easts 
directly from the crucible. When soured 
out, the alloy rapidly solidifies, &ud re* 
sembles in appearance good German 
silver. Another reason for avoiding re- 
melting is that the crucible is strongly 
attacked by the cupromanganese, and 
can be used but a few times. 

The best kinds of cupromanganese 
contain between 10 and 30 per cent of 
manganese. They have a beautiful 
white color, are hard, tougher than cop- 
per, and can be worked under the ham- 
mer or with rolls. Some varieties of 
cupromanganese which are especially 
valuable for technical purposes are given 
below: 

I II 

Copper 75 60 

Manganese . 25 25 

Zinc 15 

Tin 

Nickel 



Ill IV 

65 GO 



20 
5 



10 



20 

10 
10 



Manganin. — This is an alloy of copper, 
nickel, and manganese for electric re- 
sistances. 

MIRROR ALLOYS : 

Amalgams for Mirrors.— I. — Tm, w 
parts; mercury, 30 parts. . f . 

II.— For curved mirrors. Tin, 1 pa"' 
lead, 1 part; bismuth, 1 part; mercury, 

Pa in.-Por glass balls. Tin, 80 p»W 
mercury, 20 parts. «o 

IV. — Metallic cement. Copper, 
parts; mercury, 70 parts. mnnirts: 

V. — Mirror metal.— Copper, 100 pjr^ 
tin, 50 parts; Chinese copper, t> P 
lead, 1 part; antimony, 1 part. , 

Reflector Metals. - 1. — (p°°P* £; 
Copper, 35 parts; platinum, b ' Z . 0 f\h« 
tin, 16.5; arsenic, 1. On account ^ 
hardness of this alloy.^ it tak ^l e ff e cts 
high polish; it is impervious to * n ^^k* 



of the weather, and is therefore 
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. . we ]l adapted to the manufacture 
8 J ' mirrors for line optical instruments. 
II. — (Duppler's.) Zinc, 20 parts; sil- 

80 parts. 

^t'jj J-Copper, 66.29 parts; tin, 33.11 

narts;" arsenic, 0.67 part. 

P IV.— Copper, 64 parts; tin, 3& parts; 

overlie, 4 parts. 

* y —Copper, 82.18 parts; lead, 9.22 
narts; antimony, S.60 parts. 
v VI.— (Little's.) Copper, 69.01 parts; 
tin, 30- s2 P arts ' zine > P arts ; arsenic, 
1.83 parts. 

Speculum Metal.— Alloys consisting 
of 2 party of copper and I of tin can 
k e very brilliantly polished, and will 
serve for mirrors. Good speculum metal 
should have a very fine-grained fracture, 
should be white and very hard, the high- 
est degree of polish depending upon these 
qualities. A composition to meet these 
requirements must contain at least 35 to 
36 per cent of copper. Attempts have 
Tequently been made to increase the 
hardness of speculum metal by additions 
of nickel, antimony, and arsenic. With 
the exception of nickel, these substances 
have the effect of causing the metal to 
lose its high luster easily, any consid- 
erable quantity of arsenic in particular 
having this effect. 
The real speculum metal seems to be 
combination of the formula Cu^Sn, 
composed of copper 68.21 per cent, tin 
31.7. An alloy of this nature is some- 
times separated from ordnance bronze 
hy incorrect treatment, causing the so- 
called tin spots; but this has not the pure 
white color which distinguishes the spec- 
ulum metal containing 31.5 per cent of tin. 
By increasing the percentage of copper 
the color gradually shades into yellow; 
with a larger amount of tin into blue. It 
is dangerous to increase the tin too much, 
as this changes the other properties of the 
alloy, and it becomes too brittle to be 
worked. Below is a table showing differ- 
ent compositions of speculum metal. The 
standard alloy is undoubtedly the best. 

Arse- Sil- 

Tin 



Copper 
. 68.21 



Standard 

alloy, 
Otto's 

alloy.. .. 68.5 
Kichar d- 



Zinc 



31.7 
31.5 



ton's alloy M.S 30.0 0.7 
b °lbt's al- 



io- 



2. 

64.6 31.3 4.1 Nickel 



C hinese 
speculum 

aetal. 80.83 8.5 Anti- 

^Koman 63.39 19.05 .... 17.29 Lead 



PALLADIUM ALLOYS. 

f\~ A P al , l ?y of palladium 24 parts 
go d 80, is white, hard as steel, unchange- 
able in the air, and can, like the other 
alloys of palladium, be used for dental 

purposes. 

II. —Palladium 6 parts, gold 18, sil 
yer 11, and copper 13, gives a reddish 
brown, hard, and very fine-graiue 
alloy, suitable for the bearings of pivots 
in clock works. 

The alloys of most of the other plati 
num metals, so called, are little used o 
account of their rarity and costliness. 
Iridium and rhodium give great hardnes 
to steel, but the commercial rhodhr 
and iridium steel, so called, frequentl 
contains not a trace of either. The alio 
of iridium with osmium has great hard 
ness and resistance and is recommende 
for pivots, fine instruments, and poin* 
of ship compasses. 

Palladium Silver. — This alloy, cor 
posed of 9 parts of palladium and 1 o 
silver, is used almost exclusively for de 
tal purposes, and is well suited to th 
manufacture of artificial teeth, as it do 
not oxidize. An alloy even more fre 
quently used than this consists of plati 
num 10 parts, palladium 8, and gold 6. 

Palladium Bearing Metal. — This alio 
is extremely hard, and is used instead 
jewel bearings in watches. It is com 
posed of palladium £4 parts, gold 7 
silver 44, copper 92. 

PLATINUM ALLOYS. 

Platinum has usually been alloye 
with silver in goldsmith's work, % part 
silver to 1 of platinum being taken t 
form the favorite "platinum silver. 
The object has been to produce an alio 
having a white appearance, which can b 
polished, and at the same time has 
W melting point. In addition to tn 
platinum alloy the following are w 

known: , .. „; 

I.— A mixture of 7 parts platinum w 
3 parts iridium. Thfc g>V* to platinu 
/e hard ness of steel, which „^be* 
further increased by taxing * v 

"^An alloy of » P^^fcu^'l 
1 part iridium ts used *yj£*°$& 
the manufacture of measurin S 
ments of great resisting PJ> we £, d cad 
Compounds of coppe *j m **g'fo th 

construction of parts o dness w ^ 

o^VbToSnl-gUc or rusting hk 

St ni.-For this purpose a compound o 



mi5 parts platinum, 18 parts copper, 
Si parts cadmium, and 18 parts nickel 
in much recommended. 

jy Very ductile platinum - copper 

alloys' have also been made, e. g., the so- 
called Cooper gold, consisting of 3 parts 
• platinum and 13 parts copper, which as 
ahnost equal to 18-carat go Id ^ «gard 
to color, finish, and ductility If 4 per 
cent of platinum is taken, these latter 
alloys acquire a rose-red color while a 
golden-yellow color can be produced by 
further adding from 1 to 2 per cent Jm 
all 5 to 6 per cent) of platinum, lne 
last-named alloy is extensively used for 
ornaments, likewise alloy V. 

V Ten parts platinum, 60 parts 

nickel, and 220 parts brass, or 2 parts 
platinum, 1 part nickel and silver re- 
spectively, 2 parts brass, arid 5 parts 
copper; this also gives a golden-yellow 
color. . „ 

VI. — For table utensils a favorite alloy 
is composed of 1 part platinum, 100 parts 
nickel, and 10 parts tin. Articles made 
of the latter alloy are impervious to at- 
mospheric action and keep their polish 
for a long time. Pure white platinum 
alloys have for some time been used in 
dental work, and they have also proved 
serviceable for jewelry. 

VII. — A mixture of 30 parts platinum, 
10 parts gold, and 3 parts silver, or 7 
parts platinum, 2 parts gold, and 3 parts 
silver. 

VIII. — For enameled articles: Plati- 
num, 35 parts; silver, 65 parts. First 
fuse the silver, then add the platinum 
in the spongy form, A good solder for 
this is platinum 80 parts, copper 20 
parts. 

. IX. — For pens: Platinum, 4 parts; 
silver, 3 parts; copper, 1 part. 

Platinum Gold.— Small quantities of 
platinum change the characteristics of 
gold in many respects. With a small 
percentage the color is noticeably lighter 
than that of pure gold, and the alloys are 
extremely elastic; alloys containing more 
than 20 per cent of platinum, however, 
almost entirely lose their elasticity. The 
melting point of the platinum-gold alloy 
is high, and alloys containing 70 per cent 
ot platinum can be fused only in the 
W^yf o£ o*ykydrogen gas, like platinum 
useit Alloys with a smaller percentage 
ot Platinum can be prepared in furnaces, 
*M rtrongest white heat! 
in order to avoid the chance of an im- 
perfect alloy from too low a temperature, 
oxvhv 1 73 S ^ fer to W them with the 
i™,t y °? en ?? me - The a »°ys of plat- 
mum and gold have a somewhat lim- 



ited application. Those whiot, 
from 5 to 10 per cent of pl at i n COlltai " 
used for sheet and wire in. thp 1 " ar 
facture of artificial teeth. tt aim, 

Platinum-Gold Alloys for Dental * 
poses.— taj p ur, 

■on x' 1 *I III 

Platinum. 6 u X \ L 

Gold g "I 

Silver. i I 6 

Palladium 'g 

. Platinum Silver -An addition of plat 
mum to silver makes it harder, but 1 
more brittle, and changes the white c I 
to gray. An alloy which contains onlv 
a very small percentage of platinum J 
noticeably darker m color than PUre 
silver. Such alloys are prepared under 
the name of platine au Hire, containing 
between 17 and 35 per cent of pl a ti. 
num. They are almost exclusively used 
for dental purposes. 

Imitation Platinum. — I. — Brass, 100 
parts; zinc, 65 parts. 

II. — Brass, 120 parts; zinc, 75 parts. 

III. — Copper, 5 parts; nickel, 4 parts; 
zinc, 1| parts; antimony, 1 part; lead, I 
part; iron, 1 part; tin, 1 part. 

Cooper's Pen Metal. — This alloy is 
especially well adapted to the manufac- 
ture of pens, on account of its great hard- 
ness, elasticity, and power of resistance 
to atmospheric influences, and would 
certainly have superseded steel if it were 
possible to produce it more cheaply than 
is the case. The compositions most fre- 
quently used for pen metal are coppei 
1 part, platinum 4, and silver 3; or, 
copper 21, platinum 50, and silver 30. 

Pens have been manufactured, con- 
sisting of several sections, each of a dif- 
ferent alloy, suited to the special purpose 
of the part. Thus, for instance, Wj 
sides of the pen are made of the elastic 
composition just described; the upp 
part is of an alloy of silver and P Mll '"Z 
and the point is made either of minute tc. 
rubies or of an extremely hard a no 
osmium and iridium, joined to tJie I 
of the pen by melting in the U&r& g 
the oxy hydrogen blowpipe. _ 1 he F 
such pens, made of expensive m*^^ 
and at the cost of great labor, is oi 1 
exceedingly high, but their e. 
qualities repay the extra expense. ^ 
are not in the least affected by » ' s 
of ink, are most durable, and can t • ^ 
constantly for years without snowies 
signs of wear. stance to 

The great hardness and reMSta ^ 
the atmosphere of Coopers aU V tuI i 
them very suitable for inanui^ 
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mathematical instruments where great 
precision is required. It can scarcely 
he calculated how long a chronometer, 
for instance, whose wheels arc construct- 
ed of this alloy, will run before showing 
a ny irregularities due to wear. In the 
construction of such instruments, the 
Dt {(iQ of the material is not to be taken 
into account, since the cost of the labor 
in their manufacture so far exceeds this. 

PEWTER. 

This is an alloy of tin and lead only, 
or of tin with antimony and copper. 
The first is properly called pewter. 
Three varieties are known in trade: 

I (Plate Pewter). — From tin, 7S per 
cent; antimony, 7 per cent; bismuth and 
copper, of each 2 per cent; fused to- 
gether. Used to make plates, teapots, 
etc. Takes a fine polish. 

II (Triple Pewter).— From tin, 79 
per cent; antimony, 15 per cent; lead, 
(j per cent; as the last. Jsed for inifiOT 
articles, syringes, tovs, etc. 

III (Ley Pewter).— From tin, 80 
^>er cent; lead, 20 per cent. Used for 
measures, inkstands, etc. 

According to the report of a French 
commission, pewter containing more 
than 18 parts of lead to 82 parts of tin is 
unsafe for measures for wine and similar 
(iquurs, and, indeed, for any other uten- 
sils exposed to contact with food or 
beverages. The legal specific gravity 
of pewter in France is 7. 764; if it be 
greater, it contains an excess of lead, 
and is liable to prove poisonous. The 
proportions of these rnetals may be ap- 
proximately determined from the specific 
gravity; but correctly only by an assay 
for the purpose. 

BILVER ALLOYS : 

Aluminum Silver. — Aluminum and 
silver form beautiful white alloys which 
are considerably harder than pure alu- 
minum, and take a very high polish. They 
nM 6 • advanta g e over copper alloys 
m being unchanged bv exposure to the 
air and of retaining their white color. 

Ihe properties of aluminum and silver 
alloys vary considerably according to 
tte percentage of aluminum. 
^ n f ^ 11 all °y of 100 parts of aluminum 

r 5 Parts of silver is very similar to 
Pye aluminum, but is harder and takes 
aimer polish. 

* .* P n e hundred and sixty-nine parts 
' aiuiiiinum and 5 of silver make an 
Rr J c alloy, recommended for watch 

ITT gS a I Ld dessert knives. 
E „ d , A n alloy of equal parts of silver 
11 aluminum is aa hard as bronze. 



par t v ;r^ r s e i a ir^r and 

5y worked. an all °y ttat « eaa 

TTptlt? a!u ™»^ » Parts, and a: 



ver 



VI. Tiers -Argent. —Thk 

pared chiefly inSaris, "and S 
manufacture of various utensil" As £ 
dtcated by its name (one-third su\er 
it consists of 38.33 parts of silver an 
66.66 parts of aluminum. Its adva 
tages over silver consist in its lower ori 
and greater hardness; it can also b 
stamped and engraved more easily tha 
the alloys of copper and silver. 
. VII.— This is a hard alloy which h 
been found very useful for the operati 
levers of certain machines, such as ' 
spacing lever of a typewriter. The me 
now generally used for this purpose 
the various typewriter companies is "al 
milium silver," or "silver metal." T 
proportions are given as follows: 

Copper. 57.00 

Nickel 20.00 

Zinc , 20 . 00 

Aluminum... 3.00 

This alloy when used on typewriti 
machines is nickel-plated for the sake 
the first appearance, but so far as corr 
sion is concerned, nickeling is unnece 
sary. The alloy is stiff and strong a 
cannot be bent to any extent witho 
breaking, especially if the percentage 
aluminum is increased to 3.5 per cen 
it casts free from ninholes and bio 
holes; the liquid metal completely fi 
the mold, giving sharp, clean casting 
true to pattern; its cost is not great 
than brass; its color is silver whit 
and its hardness makes it susceptible 
a high polish. 

Arsenic. — Alloys which contain srna 
quantities of arsenic are very ductn 
have a beautiful white color, and wer 
formerly used in England in the ma 
ufacture of tableware. They are no 
however, suitable for this purpose, o 
account of the poisonous character 
the arsenic. They are composed usuall 
of 49 parts of silver, 49 of copper, and 
of arsenic. 

■ China Silver. -Copper, 65.24 per cen" 
tin, 19.52 per cent; nickel, 13.00 per cen 
silver, 2.05 per cent. 

Cooner-Sil ver.— When silver is alloye 
JhS&rily onepropor^om s kno w 
which will give a uniform casting, 
proportion Is 72 per cent silver to 8E I p 
cent copper. With more silver than 7 
per cent the center of a cast bar will 
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richer than the outside, which chills 
first; while with a less percentage |_ than 



II 

40 
30-40 
20-30 



III 

20 
45-55 
25-35 



^per cent the center of the bar will be 
pooler and the outside richer than the 
Average. This characteristic of silver- 
cJppef alloys is known to metallurgists 
as segregation.' , 
When nickel is added to the silver and 
copper, several good, alloys may be 
formed, as the following French com- 
positions: ^ 

Silver 33 

Copper. . . . 37-42 

Nickel 25-30 

The whitening of alloys of silver and 
copper is best accomplished by anneal- 
ing the alloy until it turns black on the 
surface. Cool in a mixture of 20 parts, by 
weight, of concentrated sulphuric acid to 
1,000 parts of distilled water and leave 
therein for some time. In place of the 
sulphuric acid, 40 parts of potassium 
bisulphate may be used per 1,000 parts 
of liquid. Repeat the process if neces- 
sary. 

Copper, Silver, and Cadmium Alloys. 
—Cadmium added to silver alloys gives 
great flexibility and ductility, without 
affecting the white color; these proper- 
ties are valuable in the manufacture of 
silver-plated ware and wire. The pro- 
portions of the metals vary in these al- 
loys'. Some of the most important vari- 
eties are given below. 



L. 
II.. 

III. . 

IV. . 

v.. 

VL. 
VII. . 



Silver 
980 
950 
900 
860 
666 
667 
500 



Copper Cadmium 



15 
15 
18 
20 
25 
50 
50 



5 
35 
82 
180 
309 
284 
450 



In, preparing these alloys, the great 
volatility of cadmium must be taken 
into account. It is customary to pre- 
pare first the alloy of silver and copper, 
and add the cadmium, which, as in the 
case of the alloys of silver and zinc, must 
be wrapped in paper. After putting it 
in the mass is quickly stirred, and the 
alloy poured immediately into the molds. 
1 his is the surest way to prevent the 
volatilization of the cadmium. 

Silver, Copper, Nickel, and Zinc Alloys, 
-incse alloys, from the metals con- 
■med in them, may be characterized as 
'gentan or German silver with a cer- 
m percentage of silver. They have 
iK 6n i U i Gd fo r mak ing small coins, as in 
»lt T'/T of Switzerland. Being 
mte hard, they have the advantage of 



wearing well, but soon lose their b 
tiful white color and take on a disa? 1 " 
able shade of yellow, like poor hr C " 
The silver contained in them can K," 
regained only by a laborious p roces 7 
which is a great drawback to their 7 
in coinage. The composition of th 6 
Swiss fractional coins is as follows 1 



20 cen- 
times 



Silver 15 

Copper . 50 

Nickel 25 

Zinc 10 

Mousset's Alloy.— Copper, 59.06; s i], 
ver, 27.56; zinc, 9.57; nickel, 3.42. This 
alloy is yellowish with a reddish tinge 
but white on the fractured surface, It 
ranks next after Argent- liuolz, which 
also contains sometimes certain quanti- 
ties of zinc, and in this case may be 
classed together with the alloy just de- 
scribed. The following alloys can be 
rolled into sheet or drawn into wire: 

I II III 

Silver 33.3 34 40.0 

Copper 41.8 42 44.fi 

Nickel....... 8.6 8 4.6 

Zinc 16.3 16 10.8 

Japanese (Gray) Silver. — An alloy 
prepared in Japan which consists at 
equal parts of copper and silver, and 
which is given a beautiful gray color bj 
boiling in a solution of alum, to which 
copper sulphate and verdigris are added. 
The so-called "mokum," also a Japaner 
alloy, is prepared by placing thin plate 
of gold, silver, copper, and the alloy jus 
described over each other and stretch 
ing them under the hammer. The cros 
sections of the thin plates obtained « 
this way show the colors of the different 
metals, which give them a peculiar 
striped appearance. Mokum is prin- 
cipally used for decorations upon goia 
and silver articles. 

Silver-Zinc— Silver and zinc h»« 
great affinity for each other, and aJK>7» 
of these two metals are therefore easu? 
made. The required quantity s Sg 
wrapped in paper, is thrown into 
melted and strongly heated silver,.^ 
mass is thoroughly stirred witn a 0 i<J s , 
rod, and at once poured out into . ^ 
Alloys of silver and zinc can i be odi ^ 
which are both ductile and n ex ! we " - j 1 
alloy consisting of 2 parts of znic 
of silver closely resembles silver l 
and is quite ductile. With a )ar ^ r ittle. 
portion of zinc the alloy become. . ger 
In preparing the alloy, a somewhat i ^ 
quantity of zinc must be taken tn . 
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finished alloy is intended to contain, as a 
gjaall amount always volatilizes. 

Imitation Silver Alloys. — There are a 
umber of alloys, composed of different 
D etals, which resemble silver, and may 
u e briefly mentioned here. 

2 Warne's metal is composed of tin 

10 parts, bismuth 7, and cobalt 3. It 
is white, fine-grained, but quite difficult 
to fuse. 

jl Tonca's metal contains copper 5 

parts, nickel 4, tin 1, lead 1, iron 1, 
zinc 1, antimony 1. It is hard, difficult 
to fuse, not very ductile, and cannot be 
recommended. 

III. — Trabuk metal contains tin 87.5, 
nickel 5,5, antimony 5, bismuth 5. 

jy. — Tourun-Leonard's metal is com- 
posed of 500 parts of tin and 64 of bell 

metal. . , . i, , 

V. — Silveroid is an alloy of copper, 
nickel, tin, zinc, and lead. 

VI. — Minargent. Copper, 100 parts; 
nickel, 70 parts; tungsten, 5 parts; alu- 
minum, 1 part. 

VII. — Nickel, 23 parts; aluminum, 
5 parts; copper, 5 parts; iron, 65 parts; 
tungsten, 4 parts. 

VIII. — Argasoid. Tin, 4.035; lead, 
3.544; copper, 55.780; nickel, 13.406; 
zinc, S3. 198; iron, trace. 

SOLDERS : 

See Solders. 

STEEL ALLOYS: 

See also Steel. 

For Locomotive Cylinders. — This mix- 
ture consists of 20 per cent steel castings, 
old steel springs, etc.; 20 per cent No. 2 
coke iron, and GO per cent scrap. From 
this it is stated a good solid metal can be 
obtained, the castings being free from 
honeycombing, and finishing better than 
the ordinary cast-iron mixture, over which 
it has the advantage of 24 per cent great- 
er strength. Its constituents are: Sili- 
con, 1.51; manganese, 0.33; phosphorus, 
ft'SS' sul P hur . 0.068; combined carbon, 
graphite, 2.45. 
Nickel steel is composed of nickel 36 
Per cent, steel 64 per cent. 

lungsten steel is crucible steel with 
0 lo 1S per cent tungsten. 

STEREOTYPE METAL. 

L?ad 2 p ar ts 

J^} n 3 parts 

« is ninth 5 parts 

p T3 ^ ^^ting point of this alloy is 196° 
of +iT a "°y i s rather costly because 
cont ■ amount of bismuth which it 
c heaDCT S «' * 0 ^ 0W i n S mixtures are 



II III 

3 1 
5 l,i 
8 3 



IV 

2 
2 
5 
1 



Tin 

Lead 

Bismuth. . 
Antimony. 

TIN ALLOYS : 

Alloys for Dentists* Molds and Dies 
-I.-\ery hard. Tin, 16 pSS 
mony, 1 part; zinc, 1 part. ' * 

II.— Softer than the former Tin 
parts; zinc, 1 part; antimony, 1 part.' 

ILL- Very lard. Tin, 12 p a F rts; ai 
timony, 2 parts; copper, 1 p artl 

Cadmium Alloy, about the Hardness 
of Zmc. — Tin, 10 parts; antimony, 1 part- 
cadmium, 1 pari. 

Tin-Lead. — Tin is one of those metals 
which is not at all susceptible to tt 
action of acids, while lead, on the otht 
hand, is very easily attacked by thei 
In such alloys, consequently, used 1 
cooking utensils, the amount of leac 
must be limited, and should properly : 
exceed 10 or 15 per cent; but cases ha.s 
been known in which the so-called tincoi 
tained a third part, by weight, of lead. 

Alloys containing from 10 to 15 p€ 
cent of lead have a beautiful white coioj 
are considerably harder than pure 1 
and much, cheaper. Many alloys of 
and lead are very lustrous, and are usee 
for stage jewelry and mirrors for reflect 
ing the light of lamps, etc. An especial 1 
brilliant alloy is called '"Fahlun 1 
Hants." It is used for stage jewelry, 
consists of 29 parts of tin and 19 of leac 
It is poured into molds faceted in tr 
same way as diamonds, and -when see 
by artificial light, the effect is that of dw 
monds. Other alloys of tin and lead ai 
employed in the manufacture of toys 
These must fill the molds well, ant 
must also be cheap, and therefore 
much as 50 per cent of lead is use 
Toys can also be made from type met 
which is even cheaper than the alio 
o7 Un and lead, but has the 
of readilv breaking if the a tides are 

or brass molds are used. ^ ^ ^ 
Lead • * * « ■ gg p ar t s 

This aJloj ■ b T£ b «f^w«pS 
out V P™ cess '"jfff'I Tin is addec 
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dipping into the molten alloy P«ce8 of 
S cut to the proper shape. The tin 
foatinc of metaf which adheres to the 
Xs cools rapidly and adheres tena- 
city Outwardly these artificial gems 
appear rough and gray, but inwardly they 
are highly reflective and quite deceptive 
when seen in artificial light. 

If the reflective surfaces be coated 
with red, blue, or green aniline, various 
-colored effects can be obtained. In- 
stead of fragile glass the gems may be 
produced by means of well- polished 
pieces of steel or bronze. 

Other Tin-Lead Alloys.— Percentage 
of lead and specific gravity. 

S. G. P.O. S. G. 



P. C. 
0. . 

1. . 



! 



7.290 

.... 7.316 

7.342 

7.369 

7.396 

7.423 

7.450 

7.477 

8 7.505 

9 7.533 

10 7.562 

11 7.590 

12 7.619 

13 7.648 

-14 7.677 

15 7.706 

16 7.735 

17 .. 7.764 

18 7.794 

19 7,824 

20 7.854 

21 7.885 

22 7.916 

23 7.947 

24 7.978 

25 8.009 

26 8.041 



g8 8.105 

29 8.137 

30 .8.169 

31 8.202 

32 8.235 

33 8.268 

34 8.302 

35 8.336 

36 8.379 

37 8.405 

38.. .... .. 8,440 

39 8.476 

40 8.512 

41 8.548 

42 8 . 584 

43 8.621 

44 8.658 

45 8.695 

46 8.732 

47 8.770 

48 8.808 

49 8,846 

50 8.884 

60 9.299 

70 9.736 

80 10.225 

90 . . .10.767 



97 8.073 100 11.370 

Tin Statuettes, Buttons, etc.— 

I. — Tin 4 partg 

Lead 3 par t s 

This is a very soft solder which sharp- 
ly reproduces all details. r 
Another easily fusible alloy but some- 
what harder, is the following: 

II. — Tin 8 parts 

V ea . d 6 parts 

_ Antimony 0.5 part 

Miscellaneous Tin Alloys. — I — Alf?er 

S a 'Vv 11 ',, 90 P arts ; antimony, 10 
parts. This alloy is suitable as a protector 
11. Argent, ne Metal.— Tin, 85.5 per cent- 
-antimony, 14.5 per cent. 1 ' 

7ft tn io~ AsI i be V"? metal is composed of 

l\lToiXlii Un > 16 to 20 of a * timo ^> 



IV. Quen's Metal—Tin, 9 p art3 . i. , 
1 part; antimony, 1 part; bismuth 1^ 

Type Metal—An alloy whff^ff?- 
serve for type metal must be - B i-t 0 
cast, fill out the molds sharnlv y 
be as hard as possible. It i 3 dirh ' iw d 
satisfy all these requirements hiit 
alloy of antimony and lead answer, ^ 
purpose best. At the present day th 
are a great many formulas for t * 
metal in which other metals bear!* 



lead and antimony are used, either t 3 
make the alloy more readily fusible 



as 
or 



in the case of additions of bismuth' 
to give it greater power of resistance 
the latter being of especial importance 
for types that are subjected to constant 
use. Copper and iron have been rec- 
om mended for this purpose, but the 
fusibility of the alloys is greatly j m . 
paired by these, and the manufacture 0" 
the types is consequently more difficul 
than with an alloy of lead and antimon 
alone. In the following table some a 1 





Lead 


Anti- 
mony 


Cop- 
per 


Bis- 7 . 


I 


3 


1 






II 


5 


1 






III 


10 


1 






IV 


10 


2 




1 .. 


V 


70 


18 


'k 




VI 


60 


20 






VII 


55 


25 






VIII 


55 


30 






IX 


100 


30 


8 


i 


X 


6 




4 


. . 90 



10 
20 
20 
15 

20 



The French and English types contain 
a certain amount of tin, as shown by the 
following analyses: 

English Typos 



III 

55.0 
22.7 
°2. 1 



French 
Types 




I II 

Lead 69,2 61.3 

Antimony... 19.5 18,8 

Tin 9.1 20.2 

Copper 1.7 

Ledebur gives the composition of 
metal as follows: 

I II HI 

Lead 75 60 SO 

Antimony... 23 25 20 

Tin 22 15 

WATCHMAKERS* ALLOYS: 

See Watchmakers' Formulas. 

WHITE METALS. 

The so-called white metals ■ are ,— . 
ployed almost exclusively for bear b • 
(See Anti-friction Metals under AU°p; 
In the technology of mechanics ^ 
curate distinction is made 
different kinds of metals for * 
and they may be classed in t^" re d- 
red brass and white metal. 1 D 



effl- 



brass bearings are characterized by great 
hardness and power of resistance, and 
are principally used for bearings of heav- 
ily Wcled and rapidly revolving axles, 
for the axles of large and heavy fly- 
wheels, revolving at great speed, bearings 
of red brass are preferable to white metal, 
though more expensive. 

In°recent years many machinists have 
found it advantageous to substitute for 
the soft alloys generally in use for bear- 
ings a metal almost as hard as the axle 
itself. Phosphor bronze (q. v.) is fre- 
quently employed for this purpose, as it 
can easily be made as hard as wrought 
or cast steel. In this case the metal is 
used in a thin layer, and serves only, 
as it were, to fill out the small interstices 
caused by wear on the axle and bearing, 
the latter being usually made of some 
rather easily fusible alloy of lead and tin. 
Such bearings are very durable, but ex- 
pensive, and can only be used for large 
machines. For small machines, run- 
ning gently and uniformly, white-metal 
bearings are preferred, and do excellent 
work, if the axle is not too heavily loaded. 
For axles which have a high rate of revo- 
lution, bearings made of quite hard 
metals are chosen, and with proper care 
—which, indeed, must be given to bear- 
ings of any material — they will last for a 
long time without needing repair. 
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per, 5 part, ' antl ^ny, 1 0; CO p 
42 pS:~ Tin * 425 ™™°*?> 16; lead 

XXIV.— Tin, 81; antimony, lg 5 
copper, 6.5 parts. ^* 1SS - 0 

White Metals Based on Copper 
I.— Copper, 05 parts; arsenic, 55 parts 
pari 7 Copper ' 64 P arts i arseni?, 5 

• I 1 II i"";? 0pper) 10 P arts 5 zinc > ^0 parts 
nickel, 30 parts. 

IV.— Nickel, 70 parts; copper, S 
parts; zinc, 20 parts. 
^ V.— Nickel, 60 parts; copper, 30 pa 
zinc, 30 parts. 

_ VI.— Copper, 8 parts; nickel, 4 parts 
zinc, 4 parts. 

VIL— Copper, 10 parts; nickel, 
parts; zinc, 5 parts. 

VIII. — Copper, 8 parts; nickel, 
parts; zinc, 4 parts. 

IX. — Copper, 50 parts; nickel, 2 
parts; zinc, 25 parts. 

X. — Copper, 55 parts; nickel, 
parts; zinc, 21 parts. 

_ XI. — Copper,_55 parts; nickel, 24 
zinc, lC^parts; iron, 2 parts; tin, 3 par 1 
IX, X, and XI are suitable for tabl 
ware. 

XII. — Copper, 67 parts, and arsenic 
53 parts. 

XIII. — Copper, 63 parts, and arseni 
57 parts. 

XII and XIII are bright gray, un 
affected by the temperature of boiling wa- 
ter; they are fusible at red heat. 

White Metals Based on Platinum. 

I. — Platinum, 1 part; copper, 4 parts, 
or platinum, l£ parts; copper, 3 J parts. 

II. -Platinum, 10 parts; tin, 90 parte; 
or platinum, 8 parts; tin, 92 parts. 

III. — Platinum, 7 parts; copper, 13 
parts; tin, 80 parts. 

IV. — Platinum, 2 parts; steel, 98 parts 

V. — Platinum, 2.5 parts; steel, 97. 
parts. 

IV and V are for gun metal 
Miscellaneous White-Metal Alloys. 

I p or lining cross-head slides : .bead, 

65 parts; antimony, U parts; copper 
10 parts. Some object to white met 
containing lead or zinc It has bee 
found, however, that lead and an 
have properties of great use m tnes 

all l£— Tin, 85 parts; antimony, 7 
parts; copper, 7£ parts. 

III.— Tin, 90 parts; copper, 3 parts, 
antimony, 7 parts. 



ALUMINUM AND ITS TREATMENT 



INC ALL ^3f j _ Th j g is sometimes 

^dS s^'p^i crfrine, 2 part* of 
omposed of 31 P* ^ wW 

^Pl'nn a layer of rosin or wax to avoid 
rrSS & tc X of Bide, 

man^clure of different utensils. 
Othe°eompo S itioos of Indian B.dery 
elal (frequently imitated in England) 
; about as follows: 



Copper. 

Zinc 

Tin..-. 
Lead . . . 



P.C. 
3.5 
93.4 

3.1 



P.O. 
11.4 
84.3 
1.4 

2.9 



P.O. 
16 
112 

4 



Erhardt recommends the following as 
eing both ductile and hard: 

Zinc 89 to 93 

Tin 9 to 6 

Lead. 2 to 4 

Copper 2 to 4 

The tin is first melted, and the lead, 
'uc, and copper added successively. 

Zinc-Nickel. — Zinc, 90 parts; nickel, 
_3 parts. Used in powder form for 
painting and cloth printing purposes. 

Platine for Dress Buttons. — Copper, 
43 parts; zinc, 57 parts. 

UNCLASSIFIED ALLOYS : 

Alloys for Drawing Colors on Steel.— 
Alloys of various composition are suc- 
cessfully used for drawing colors on steel. 
To draw to a straw color use 2 parts of 
lead and 1 part of tin, and melt in an 
on ladle. Hold the steel piece to be 
rawn in the alloy as it melts and it will 
uurn to straw color. This mixture melts 
at a temperature of about 437° F For 
darker yellow use 9 parts of lead to 4 
parts ot tin, which melts at 458° F Fnr 

482° F 5 ■ tl , ne tcm P e ^ure being 
to 2 L F °J ,r iulet i 9 parts of lead" 
to i parts i of tin, which melts at 494° F 
Lead without any alloy will draw steel 
Itodnni lk - b,U * The *bove apply to 

?ain1n\andlin n g d " ^ ° F lesS 
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timony and bismuth each lfi 
insure perfect work the m To 
be. quite hot by placing them * sh ouM 
sen burner. fe em 0v *r a bJJJ 

Alloy for Caliper and Gage^ „ 
ings. — A mixture of 30 p ar \ s ■ a Cast- 
parts aluminum gives a light a ,f^M to 7 <> 
alloy for gage rods and ?alip € ^J^bla 
gage rods must be steel tipped I T* tbc 
alloy is soft and wears awav tn 1 lhe 
for gage points. y to ° ra pi(lly 

Alloys for Small Casting Molds ^r- 
75 parts, and lead, 22 parts; or M *, f 
of zinc and 25 parts of tin- or r> i 
tin and 70 parts of lead^o? CO S ' 
lead and 40 parts of bismuth. P 

ALLOYS FOR METAL FOIL- 

See Metal Foil. 

ALMOND COLD CREAM: 

See Cosmetics. 

ALMOND LIQUEURS: 

See Wines and Liquors. 



ALTARS, TO CLEAN: 

See Cleaning Preparations and 
ods. 
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ALUM : 

Burnt Alum.- — I. — Heat the ahim__ 
porcelain dish or other suitable vesse 
till it liquefies, then raise and contiaui 
the heat, not allowing it to exceed 400' 
till aqueous vapor ceases to be diseu 
gaged, and the salt has lost 47 per centr 
its Weight. Reduee the residue to pov 
der, and preserve it in a well-stoppered 
bottle. — Cooley. 

II.— Heat ordinary alum (alumina 
alum) with constant stirring in anff<» 
pan in which it will first melt quietly, 
and then commence to form 
Continue heating until a dry white m ass 
of a loose character remains, ^nic 
powdered and kept in well-closed g«» 

ALUM BATH: 

See Photography. 



Aluminum and its Treatment 

HOW TO COLOR ALUMII^^. ( ( 
Blanching of Aluminum. — A b 
is one of the metals most ,n ^ fl i ufll iiiiir 
air; nevertheless, the objects oi^ 
tarnish quickly enough wnw 
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They may be restored to their 
"''at whiteness in trie following manner: 
? nieise the aluminum articles in a 
boiling bath of caustic potash; nest 
lunge them quickly into nitric acid, 
nnse°and let dry. It must be under- 
took that this method is applicable only 
to pieces entirely of aluminum. 

Decolorized Aluminum. — Gray or un- 
sightly aluminum may be restored to its 
wfiite color by washing with a mixture 
of 30 parts of borax dissolved in 1,000 
parts of water, with a few drops of am- 
monia added. 

Mat Aluminum. — In order to imparl 
to aluminum the appearance of mat 
silver, plunge the article into a hot bath 
composed of a 10-per-cent solution of 
caustic soda saturated with kitchen salt. 
Leave it in the bath for 15 to SO seconds, 
then wash and brush; put back into the 
bath for half a minute, wash anew and 
dry in sawdust. 

To Blacken Aluminum. — I. — The sur- 
face of the sheet to be colored is polished 
with very fine emery powder or finest 
emery cloth. Afler polishing pour a 
thin, layer of olive oil over the surface 
and heat slowly over an alcohol flame. 
Large sheets must, of course, be heated 
in the drying oven. After a short while 
pour on oil again, in order to obtain ab- 
solute uniformity of the coating, and heat 
the plate once more. Under the action 
of the heat the plate turns first brown, 
then black, according to the degrees of 
neat. When the desired coloration has 
been attained, the plate is polished over 
again, after cooling, with a woolen rag 
or soft leather. 

— White arsenic 1 ounce 

Sulphate of iron .... 1 ounce 
Hydrochloric acid . . 12 ounces 

Water lg ounces 

When the arsenic and iron are dis- 
solved by the acid add the water. The 
aluminum to be blackened should be 
""■ell cleaned with fine emery powder 
washed before immersing in the 
nfV i i ng solution - When the deposit 
^ black ls deep enough dry off with fine 
sawdust and lacquer. 

Decorating Aluminum. — A process for 
decorating aluminum, patented in Ger- 
™ a &y, prescribes that the objects be first 

Ca ed ' wHel1 is usua % done vrith 
tfiptl , Soda 1 J re > or > better still, by a new 
of i L wl " cn consists in heating 3 parts 

Ho» ? ric acid with 1 P art of water to 
to 15ft 0 T? ; n an enameled vessel- 
dip the aluminum arti- 
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T - 158° F., 
An to this liquid 



cles, rinsing them off clear. a 
mg them well. Th t cnJ??^*^ 
are now placed in 3 ba t d 
1,000 parts of abAo l" fan n8I8tln R oi 
1.50 parts of a Kol { ^L^I 
chemically pure hydrochloric add 10° 
parts of manganous nitrate, and 2 
of purified and finally elutriated gr 
ite. In this bath, which i« h»J j P 
86°-9S° p thc cbjecls ar S e h S e U nt 
fumes develop around them, which ta 
place m a few seconds. Now thev HT 
put over a coal fire or similar arranS 
meat until the alcohol is burned up a ? 
there is no more smoke. After they 
somewhat cooled off, they are laid im 
cold water and worked with a brush the 
rinsed with water and well dried. ' Tl 
pieces are now provided with a gray 
talhc coating, consisting mainly of 
mony, manganese, and graphite. Tl 
metallic layer renders them capable of : 
ceiving a lacquer which is best prepart 
from 1,000 parts of alcohol (90 per cent 
50 parts of sandarac, 100 parts of shells 
and 100 parts of nigrosine (black anili 
color). Then the articles are quick] 
but thoroughly rinsed off, dried 
warmed air for a few minutes, and bal 
in ovens or over a moderate coal 
until they do not smoke any more and 
more gloss can be seen. Finally the 
are rubbed with a cotton rag saturate 
with thin linseed-oil varnish, and the 
jects thus treated now appear dull blacl 
like velvet. The covering withstands 
action of the weather, so that cookii 
vessels coated with this varnish on tl 
outside can be placed on the fire withoi 
injury to the coating. If the articles ai 
engraved, the aluminum appears alnu 
glossy white under the black layer at t 
engraved places. When the pieces hai 
been provided with the gray metalli 
coating, colored lacquer may also b 
applied with the brush. In this manne 
paintings, etc., may be done on all 
minum, while not possible on unprepared 
aluminum surfaces, which will not retail 
them. 

Making Castings in Alurmiium.-Th 

method adopted n P^P^g ™* 
and cores for aluminum work w neCes 
cnrilv somewhat the same as tor crass 

£e S2f J. r££!d b Consideration c 
"SflSlBSJtt. sand. ,vnich sW 
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rmt have been previously used, that of a 
fine S should be chosen, but it should 
Jot Sve any excess of aluminous matter, 
or it will not permit of the free escape 
of gLS and a£ this being an important 
matter. Besides this, the sand must be 
used as dry as pa* uble c^W* 1 ™^ 
holding against the flow of the metal, 
and having only moderate compression 
in ramming. . . . 

In making the molds it is necessary 
to remember that aluminum has a large 
contraction in cooling, and also that at 
certain temperatures it is very weak and 
tears readily, while all metals shrink 
away from the mold when this is 
whollv outside the casting, but they 
shrink on to cores or portions of the 
mold partly inclosed by metal. Thus, 
if casting a plate or bar of metal, it will 
shrink away from the mold in all direc- 
tions; but if casting a square frame, it 
shrinks away from the outside only, 
while it shrinks on to the central part 
or core. With brass, or iron, or such 
metals, this is not of much importance, 
but with some others, including alumi- 
num, it is of great importance, because 
if the core or inclosed sand will not give 
somewhat with the contraction of the 
metal, torn or fractured castings will be 
the result. Both for outside and inside 
molds, and with cores used with alu- 
minum, the sand should be compressed 
as little as possible, and hard ramming 
must in every case be avoided, particu- 
larly where the metal surrounds the sand. 
The molds must be very freely vented, 
and not only at the joint of the mold, 
but by using the vent wire freely through 
the body of the mold itself; in fact, for 
brass the venting would be considered 
axcessive. With aluminum it is, how- 
ever, necessary to get the air off as rapid- 
ly as possible, because the metal soon 
gets sluggish in the mold, and unless it 
runs up quickly it runs faint at the edges, 
lhe mgates should be wide and of fair 
area, hut need careful making to prevent 
their drawing where they enter the cast- 
ing, the method of doing this being 
known to most molders. ' 

If it is considered desirable to use a 
all \ mad , e "U P facing sand for the 
molds where the metal is of some thiok- 

w!nV iwf of . 3 liUle P ea or bean m( =al 
will be all that is necessary. To use this, 
nrst dry as much sand as may be re- 
2!d t« a " d i? f S ^\° X ^ h a 20-mesh sieve, 

f .w e f bus ¥ of , tlie fine sand ™* 

acain n«« • V^ rts V f raea1 ' afterwards 
again passing through the sieve to insure 

b? t ThI - S Sand should th^ 
be damped as required, being careful 



that all parts are equally mo i s t r v , . 
on a board being a good wav\ E 
tough, and in good condition S^**, 
minimum or moisture. * 1 « 

The molds should not be sleeked 
tools, but they may be dusted over 



plumbago or steatite"; "smooth^ !fg 
a camel s-hair brush, m cases i a A- 1 ? 1 * 
very smooth face is required on +i & 
castings. Preferably, however tl, 
of the brush even should be „£gf 
Patterns tor aluminum should be k 
smooth and well varnished. ^ 
In melting the metal it is necessary tn 
use a plumbago crucible which is C W 
and which has not been used for oth 
metals. Clay or silica crucibles are not 
good for this metal, especially silica on 
account of the metal absorbing silicon 
and becoming hard under some condi- 
tions of melting. A steady fire is neces- 
sary, and the fuel should reach only 
about halfway up the crucible, as it is 
not desirable to overheat the crucible or 
metal. The metal absorbs heat for 
some time and then fuses with some ra- 

Eidity, hence the desirability of a steady 
eat; and as the metal should be poured 
when of a claret color under the film of 
oxide which forms on the surface, too 
rapid a heating is not advisable. The 
molding should always be well in ad- 
vance of the pouring, because the metal 
should be used as soon as it is ready; for 
not only is waste caused, but the metal 
loses condition if kept in a molten state 
for long periods. The metal should be 
poured rapidly, but steadily, and whea 
cast up there should not be a large head 
of metal left on top of the runner. In 
fact, it is rather a disadvantage to leave 
a large head, as this tends to draw rather 
than to feed the casting. , 
With properly prepared molds, ana 
careful melting, fluxes are not required, 
but ground cryolite— a fluoride of sodl,1I J 
and aluminum— is sometimes used 
increase the fluidity of the metal, in 
using this, a few ounces according ™ 
the bulk of metal to be treated is P™ 
into the molten metal before it M ™V 
from the furnace, and well stirred "J 
and as soon as the. reaction apparc* / 
ceases the pot is lifted and the met 1 f 
i • r i i ,i 'T he use ui 

once skimmed and poured, J-^ j 9 

sodium in any form with alu ^' Xuld 
very undesirable, however, and ^ e5 
be avoided, and the same reraarK ^f[ 0 y- 
to tin, but there is no objection W » 
ing with zinc, when the metal tans v 
duced is sold as an alloy. . . m0 lcls 
Aluminum also casts very wel > bat j, 
of plaster of Paris and crusneu 
brick when such molds are perfect 



